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PREFACE. 



Tam very fenfibU bow difficult a thing it is to write 
well upon the fcience of Aftronomy -, by reafon the 
^fubjeS is fo comprehenfive^ and conjifts of fo many parts^ 
% and is conneSea with fo many other fciences^ which it 
t^ requires the perfe5i knowledge of\ and befidesj is a 
^work of fo much time^ that a man bad need have the 
^ life of a Mathufalem, to go thro* the whole of it. 
The periods even of fome of the planets are fo long^ 
that they perform but a few of them in a man's life- 
time. And much more are ibofe of the comet Sy fever al 
of them being many hundred years in performing one re* 
volution. iVbence^ it comes that moft of their periodi- 
cal times J and the pofition of their orbit s^ are wtknown 
to us. And even the moon fo tiear hand us^ is affeSed 
withfucb variable motions^ that they cannot be exaSly 
accounted for to this day. 

That Aftronomy was one of the firft fciences that 
menftudiedj is plain from the nature of the thing. For 
as it is neceffary for people to know how time faffes 
away^ it would be natural for them to enquire into the 
lengths of months and years. The firft thing that of- 
fers itfelf to our fenfes^ is the fun^s diurnal mo lion^ by 
which he feems to move from eaft to weft^ returning to 
the eaft again in 24 hours. The next thing is his an- 
nual motion^ by which he advances northerly and 
foutherly, making the days longer and fhorter^ and 
thereby determining the feafons of the year. Thefe are 
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iv THE PREFACE. 

fundamental meafures of tmCy and therefore it was 
natural or rather unavoidable to take notice of theniy 
and to make proper obfervations thereof, for letting out 
the length of the year^ and to divide it into its proper 
feafons ; which were neceffary to be known, as men had 
different forts of work to perform at different feafons 
of the year ^ , 

Nothing could be more eafy for tbem^ than to ob-^ 
ferve the increafe and decreafe of the fhadows upon the 
furface of the earth, according to the different alti^ 
tudes of the fun, at different times of the year. Whence 
by marking the extremity thereof, it wouid be very 
eafy, within a few days, to fee when the fhadow came 
cgain to the fame point. The only difficulty would be^ 
to keep a true account of the days. But this they 
would foon learn to do, by a few trials. So I do not 
doubt, but the length of the year would feon be deter^ 
mined, which a few years experience would teach them 
to do, near the truth. By the fame means the moorfs 
motion, or the length of the month would be found \ 
which would afftft them in finding the length of the year 
more exaSlly. And thus one thing after another would 
he found out, fo far as they could be any way ufeful in 
thefe times. It is true, the fcience of AJironomy could 
he carried to no great length for want of letters^ and 
the knowledge of other arts. 

In all ages, as far as hiftory reaches, the mojl learn^ 
id and eminent men in -all countries have been encou- 
ragers and promoters of Afironomy ; and by general 
confent, it has always been accounted the noblejl of the 
fcieneeSi ^s it has no lefs than the whole world for its 
objett. It has been Jiudied by kings and princes, and 
a great deal of time has been fpent in cultivating this 
fcience ; in which a few of the laft ages have done 
more, and brought it further to perfeSiion, than all 
the ages of the world that went before. 

It is reported, that the Babylonians had joo years ob^ 
fervations engraven upon bricks j and that when ^lexe 
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tndtr took Baby Ion, iE^^r caufed almo/i two thou/and years 
aftroncmical obfervations to be carried away ; which if 
true^ is fuch a period of time, andfucb a fund of ob-- 
fervationSj as we have not the like to fbew at this 
time. But thefe coming into the hands of idle^ care* 
Ufs, and tyrannical people^ were mofi of them loft, 
akd ajironomers had to begin again, fo arts and fci* 
ences, as well as the ftars, have their periods, their 
fiations and retrogradations. 

. Jofephus writes, that SetH, or his nephews, firfi 
ebferved the order of the heavens^ ahd the courfes of 
iheftars. And it isfaid Neptune was the firft faUor, 
and guided his Jhip in the night by the ftars ; and for 
bis great fkill was called the God of the Sea. His fen 
Belus was an aftronomer, and inftituted colleges of a- 
ftronomers. Job was acquainted with the ajironomy 
of thefe times ; Jcr be more than once mentions the 
conft citations of ArAurus, Orion, and the Pleiades. 

^he Egyptians learned from the Edomites ajirono- 
my and navigation. For the Edomites ufed to make 
long voyages upon the Red Sea, for the fake of merchant 
difing. And when they were conquered by David, they 
fled into Egypt, and to the coafts of the Mediterrane- 
an, and to the Perfian Gulf. They afterwards be* 
gan the like voyages upon the Mediterranean. "Their 
year was the lunifolar year derived from Noah, and at 
that time confided of 360 d^ys. By the heliacal rif 
ings and fet tings of thejiars, they found the year to 
conjift of "^6^ days, therefore they added 5 days to the 
old year. This was in the reign of Ammon. After-' 
vfards they formed the ftars into conftellations ; and 
alfo made obfervations of the planets, which they call' 
ed after their gods. 

When the Ethiopians invaded Egypt, the Egyp- 
tians that fled to Babylon, carried with them the E- 
gyptian year of ^65 days, and the art of Aftronomy, 
and founded the or a of Nabonnaffar. The practice of 
obferving the ftars, was carried into other countries ; 
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vi THE PREFACE. 

the Greeks bad all their aftronomical learning from 
Egypt. Then Atlas formed the fphere of the Ly- 
bians, and Chiron that of the Greeks, and the 
Chaldeans another fphere for their own ufe. 

After the art of Aftronomy was carried to Greece ; 
Thales, Pythagoras, amd Eudoxus, went thither t^ 
he infiruSied therein. T hales, H»ho lived 580 years 
before Chriji^ began to obferve the folfiices and equi^ 
noSlial points ; andfirft of any body predicted eclipfes^ 
He prediBed a total eclipfe of the fun ^^ 5 years before 
Chriji, which happened May 28. And another eclipfe 
of thi moon. Pythagoras had the true fyjiem of the 
world from the Egyptian priejisy which was after^ 
wards laid ajide for another fyftem indented by Ptole- 
my, 70 years after Chrili^ and from thence called 
the Ptolemaic Syftem. This continued in vogue till 
Copernicus revived the Pythagorean ff/tem^ in igi^jcr 
thereabouts. Eudoxus, in defcribing the fphere^ plac- 
ed the folfiices and equinoxes in the middles of the 
confiellations^ Aries, Cancer, Libra, and Capri- 
corn, 

In the following ages Aftronomy began to improve 
apace. Tycho Brahe, a Danijh Nobleman and a 
great ajironom^ry furnifhed an obfervatory with proper 
inftrumentSy made obfervations of the fiars^ and pubr 
Ufhed a catalogue of the places of 770 ftarf. Ke-r 
plar, a German afironomer^ difcovered the orbits of 
the planets to be ellipfes^ with the fun in the focus ; 
and found out the true laws of their motiotis. Gali- 
leus, an Italian philofopher^ by the help of telefcopes^ 
difcovered the fatellites of Jupiter and Saturn, the 
ring of Saturn^ fcf r. Hevelius publifbed a larger ca- 
talogue of fiars than Tycho*j. And Mr. Flamfteed 
publifbed a catalogue containing three thoufand fiars. 
And fever al others made valuable additions to this 
fcience. But the true theory of the planetary motions 
was fiill wanting^ till Sir J. Newton publifhed his 
Principia 5 wherein be has demonjirated^ from the 

laws 
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taws of motion^ not only the true figures of the orhits 
of the planetSy but that the irregular motions of the 
fatellites^ are conformable to the laws of gravity. A" 
greeable to thefe principles^ Dr. HdWtj compofed afet 
of tables^ for all the planets and fhtellites^ printed 
but iate'iy\ which is the only entire fet of tables that 
we have. 

The ancients bad fome notion of the celeftial bodies 
gravitating towards one another. Thus Lucretius 
X.. V. thinks the world to be infinite j for other wife^ 
fays hty the bodies that are on the outftde^ would by 
their gravity ^ be drawn towards thofe^ on the infide ; 
and would longfince have all met together in a heap in 
the middle. Tet they knew nothing of the law by 
which they were moved. And very likely they might 
think that gravity was the fame at all dijiances ; 
and it was very natural for them to think fo^ as this 
is thejimpleft fuppofition that can be made. 

No fcience. is converfant with ohjeSts more ntime^ 
rousy great er^ or' more glorious^ or at fuch great dif- 
tances ; being for any thing we know difperfed tbro^ 
infinite fpace. Their motions being the principal thing 
to be confidered^ aflronomers can by their arty determine 
how great their motions are^ how far they go offy and 
how near they approach in their return ; the times they 
take up in going and retumingy the laws of their mo^ 
tionsy and the forces of gravity in the fever al parts 
of their orbits^ The grand law which obtains in the 
whole fyftem is thisy that every part of matter at^ 
traSfs and is attra^edy dire£lly as (he attracting mat- 
tery and reciprocally as the fquare of the difiance. This 
law is the bond of naturCy it keeps the planets and 
comets within their proper limitSy and hinders them 
from running into other fyftems. And hence it comeSy 
that the revolutions of the planets are performed with 
fuch emStnefs and regularity round the funy which is 
their common center of motion. 
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By ibii art ajironomers can telU for many years to 
comCy the eclipfes of the fun and moon, their quami- 
ties and durations^ alCo the moon* s full and change ^ 
the afpeSs of all the plane fSj their latitudes and de- 
clinations at any time propofed. 

By the help of Afironomy, our navigation is improv^ 
edj and by this means trade and commerce is carried 
en,. For by having the moon^s true places the longi- 
tude of a fhip at fea^ ar of any place at land may be 
found i which is a material point in geography. AH 
'chronology is founded upon it^ without which we could 
have no certain account of hifiory. ' 

By 7he wonderful difcoveries made in this fcience^ 
we can comprehend the vaft extent of the univerfe, 
and the amazing beauty of its ftru3ure ; which gives 
us a grand and magnificent notion of the world and 
all its parts ; at the fame time that we fee the earth 
which we inhabit^ is but a poor^ fmall^ trifling part 
of the whole. 

By improving the theory^ the art itfelf is brought 
to greater perfeSiion, beyond what observations alone 
could do. For by this means we can make a better 
ufe of obfervations^ than if we had nothing elfe to di- 
re£l us. 

If Afironomy is fo much efieemedfor the great ad- 
vantages we receive by it •, // is no lefs entertaining 
to the curious, by making us underftand the fyftem of 
the world, and the proportion, fymetry and harmony 
of the fever al parts. For what is more delightful 
than to fee fo many great and glorious bodies, at im- 
menfe didances, performing their feveral revolutions^ in 
their due and ftated times. 

This likewife, of all things, gives us the jujieft no- 
tions of the wifdom and power of the Deity \ that 
can form fuch a vaft fyftem, and continue it in mo- 
tion for fo many ages. For tho* the mere laws of 
gravity are fufficient to keep it going, when once put 
into motion \ yet mere mechanical laws could never 
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give it tbofe particular motions at firft •, there wants 
a jirft mover to do this. All tbefe motions being fr 
nicely adjujied to one anotber^ Jbew tbat they were all 
originally contrived and executed by fome powerful be^ 
ingy aSiing witb council and defign^ wbicb demonHrates 
tbe profoundjkill of tbe great architeS. 

A great deal of time and pains have been fpent in 
finding out the true fyftem of the worlds orfucb an 
hypothefis as could account for all thepb^enomena. And 
various fyftems have appeared at different times^ each 
of which could account for fome particulars. But it 
is found at laft that none of them could account for 
. all of them, but tbe Copernican hypothefis. The Co- 
pernican fyftem then is the true fyftem. From hence 
the motions of the heavenly bodies y and their caufeSy are 
perfe£lly underftood ; and by which all their appear " 
ances may be demonftrated. And the fttuations of ali 
the ftars are better known^ than the Jituations of a 
great mdny places on the earth areT For to find their 
latitude and longitude exaffly^ we muft be beholden to 
aftronomical obfervations. 

Altho" great advances in Aftronomy have been made 
from time to time ; yet in fucb n vaft fubjeSly it is no 
wonder if fome things be ftill wanting. The moorls 
motions are fo irregular y and fo infinitely diverfifiedy 
that no theory of her motions has yet been foundy but 
it witl vary in a few years^ and differ from tbe ob- 
fervations. It is a work of great labour to reduce 
all her motions to certain rules^ and compofe tables 
thereof. fVhich^ when they are made^ muft be prov- 
edy by a great number of obfervations before they can 
pafsy without which they are not to be depended on. 

It ijoould be much for the eafe of calculationy if 
the fexagenary account was laid afidcy and the decimal 
one fubftituted in its room. For there are fo many re^ 
duSions in the onCy that make it exceeding tedious^ 
which are entirely avoided in tbe other. But that ty- 
rant 
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rani Cuftom has already gol fojfeffton of the farmer^ 
and is likely to keep it. 

As to this, hook J the dejign is the fame as in the 
former volumes ; and that is^ to lay down the princt^ 
pies of jiftronomy^ in as fbort a compafs as . I could^ 
to make it intelligible ^ and tojhew the manner of caU 
€9lating fome of the principal agronomical problems ; 
mmtting things of lejfer moment^ to keep the book with- 
in due bounds^ fuitable to the other parts of She Curfus. 
This is a fubjett of fo great fcope and extent^ that to 
take in all things belonging thereto^ would fill a very 
large volume. But if the reader underjland the more 
difficult matters^ he cannot fail getting thro" the eajier. 
To this endy I have defcribed the fyftem of the world 
mnd all its parts \ the motions of the planets and their 
periods. Then you have the principal aftronomical 
problems^ folved by fpherical trigonometry and by the 
globes. Then I have given the elementary part of A- 
fironomy^ being what depends upon obfervations. Then 
the theory of the primary plamis^ The theory of the 
moon and fatellites^ and laftly the calculation of ecUpfes. 

I have no room here for aftronomical tables^ I have 
made ufe of Dr. H alley*/, which i < fuffictent for jhew- 
isg the learner the method of working ^ But I cannot 
he anfwerabk fotr the truth of thefe or any other ta- 
bles. It is fufficient to fhtw the method of working. 
For if the reader knows how to work with one fet of 
taileSy it will be equally eafy for him to work with any 
ether fet^ which be fball think better and more exaS^ 
when better can be had* 
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Fig* 5V itfcrihe the flanttary fyfim^ and conJiruBion of 
the world. 

MANY hypothrfcs hairc been formed for explain- 
ing the motions and appearances of the heavily 
J and every hypothefis that ever was framed, 
could account for fome or other of them ; but fihce 
at that time men v/ece igtiorant of the laws of mo- 
lion* it <;ould not be expeded that they could hit 
upon the true fyftem, pr fuch a one as could ex^* 
plain all the phoenomena. And moreover fince the 
life of telefcopes, numerous other phcenomena have 
b&rod tbemielves, which were quite unknown be* 
fore ; from whence it followed that almofi: aU tbqfe 
hypothefes fell fhort in accounting for them ; and 
thi^r^ore fuch hypothefes could not be true* While 
tbefe things were thus diiputable, and one contend* 
cd for one hypothefis, and another for another, Sir 
Ifaac Newton laid down the laws of nature and mo- 
tion, and comparing all the phcenomena in the 
heavens, he found out the true fyftem of the world, 
and demonflsMed by unanfwerable argumcuus, tba; 
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it coiUd nqt poilibly be ^y oi;berwire wkhour tb^ Fi^ 
Vt;tb: fubvcrwn of all the laws g£ natune. Tbq 
true £y0:em founded upon the. laws of nature, ami 
true inejslunic^l principles, i^ that which foUpws.. ; 

I. In this; glqnous fylftepT, the fun is placed near« i ; 
l^ iip^tno^^e in the center of the ortbits.of all. the 
planets^ and in^ thefe orbits they move round, thf 
l^^, each in its periodoc tijne. The iun as hfB 
been faid k^eps always ia or near the f^me place ; 
l^ut has a rotation round its axis^ from welt to e^^ 
in^ about 25 days. The otbijfs, of all th^ pl&netf^ 
are. oiearljr circular, hjE^^^iff^ tJig fun for their center; 
bi^t in. ftm&neis they a^Q oUpies,^ Ijoving the fun iqi 
the focus, of eai^h. of them. Tnefe orbits are not 
all in one plane, and yet dOr not Tary 4 gr^at d^al ( 
t}^j intedeft one another in lines thi^t, pafs thro* 
the: center of the fun, the placesi of thp pr^tSr wl^epc 
they lt\(eried are called the Nodis^ ' All the planet^ 
jQiOTC round the. Am the fame way, which is fror^ 
weft to eaft. And their diftances fro^ thf?' fun. a^e 
neairly ^ repreiented n^ the figure» L^ S be the 
SuQii M Mercury^ V Venus, £ the Earthy N Mars^ 
J Jupito*, and K Saturn ; and their diftances from 
tbp fun are as follow, the diftance of Mei;cury fro^ 
thp fun is 4, of Venus 7, of the e^rth k), of Mai:? 
15, of Jupiter ^z, and of Saturn 95^ of equajl 
parts- of ^ tight iine^ Alfo the periodic time, or 
th^ time of a revolutioa of each ph^net in its orbif: 
is as £oUow% Mercury revolves in 3 months^ Venug 
W 7 ^ months, the Earth in a year, Mars in* 2 year% 
Jupitet in 12 years, and Saturn in 30 years ^ fy 
that in this fyftem the e^rth is one of the pi^nets. 

Z0 Befidcs thefo which are called primary pl^ 
^t$ } three of them have Qtl>eirs likewife reyolvh 
ing aty>ut them » all; which likewif^ revolve fronpi 
weft to ^i^ \ theie are called Secondary Planets, or 
S^llit^. The eartii E has one / called the Mo^ 
which rcvoiyjcs- in 27 t d^ys. Jupiter \ has 4. cjf 
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Fig. Acfe moons or Satellites, and Saturn R has 5 of 
i, them. Nobody ever had the leaft knowledge of 
thefe Satellites of Jupiter and Saturn, till the inven- 
tion of telefcopes. The diftances of thefe Satel- 
i lites from their reljpeftive primary planets are a$ 
follows ; the moon from.the earth is diftant 60 of 
the earth's femidiameters. The four Satellites of 
Jupiter, are diftant from Jupiter^ 5, 8, 12, 23, of 
Jupiter's femidiameters; and their periodic times 
are i-J, 3I, 7, 164. days refpeftively. Likewife 
the diftances of Saturn's 5 Satellites from Saturn » 
arc 2, 2x? 3i» 8, and 24 femidiameters of Saturn's 
ring. And their periodic times are 2, 2^^ 44, i^, 
79^ days refpeftively. All thefe meafures are ion- 
ly takea in round numbers. 

3. Befides the planets and their Satellites, ^here 
is another fort of bodies revolving about the fun, 
which only appear fometimes, thefe ^re the Comets ; 
and they move either in very long ellipfes, which 
TUh to an immenfe diftance from the fun ; or in 
parabolic curves, and then they never return. Theie 
4nove in all manner of direftions round the fun^ 
fome the fame way as the planets, and fome ^he 
Contrary way, they cut the plane of the earth's or- 
bit, in all forts or -angles, fome greater and fome 
ieflfer. And fome of thefe bocKes are feveral hun- 
dred years in making a revolution ; and therefore 
the periodic times of few of them are known. Nor 
can their number be determined for want of a 
proper feries of obfcrvations. There has not been 
>ebove forty of thefe bodies obferved ; and of thefe 
. fome may happen to be the fame, coming about 
^gain. They are diftinguifhed from other -ftafs, 
by a luminous ftream of light which they emit 
:(called the tail), when they come near the fun. * 

4. The inclinatioa of the orbits of the planets 
to the plane of the earth's orbit are as follows ; 
the orbit of Mercury 7 degrees, of Venus 3t> ^^ 

Mars 
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Mars 2 j of Jupiter i-J-, and of Saturn 2^ <icgrec$; Fig* 
Whence their inclinations are fo fmall, that they i^ 
are almaft coincident. The charafters of the cekl^ 
tial bodies are, q the Sun, . D^ the Moon, S Mer- 
cury, ? Venus, g Mars^ n Jupiter, b Saturn t. 
and the Earth. . . 

5.^ The fixed ftars are at an immeniie diftance ^ 
for by the niceft obferyations, they h^ve^ no annual; 
parallax that is fenfible ; that is, they appear tathe^ 
earth when on diflferent fides of its orbit to be ex- 
aftly in the fame places 5 and therefore.the earth'a 
orbit feen from a fished ftar, ^will appear only as ^ 
point. Confequently, the fixed ftars, all fliine witl^ 
their own native light.. For it would be impoflible 
for light, tranfmittcd from the fun to them, evee 
ta be vifible, for it would be iAfinitely weak df, thact 
immenfe diftance. 

. 7. Tho' the diftance of the fun is almoft nothing 
in refpedl of that of the fixed ftars, yet it is immienfe- 
ly great, in refpeft of the moon's diftance. Fob 
the furies diurnal parallax is fo fmall, that is,, tho 
apparent femidiameter of the earth leen, from thQ 
fun, is fo fmall, that no inftruments could be fo* 
cxaftly made as to find it. And hence the fun's 
magnitude is vaftly greater than the earth's. Foj^ 
fiappofing the fun's parallax to amount to. as much- 
as a minute, then fmce the apparent diameter of 
the fun is half a degree, this would make the fun's 
diameter 1 5 rime$ as big as the. earth's -,. but the; 
fun's parallax is no fuch thing, for it is $3und no( 
to iBxceed 10 £econds, which will make the fiin's 
dianieter 90 times as big as the ^earth's. That thq 
fun is a great body of fire is evident from the hea^ 
of it. 4nd that kUof a globular form> is plain 
from the apparent motion of the fpots upon Its 
forface •, for wh}le the fun nioves uniformly about 
Its axis, the . fpots in the middle of the dilk movQ ^ 

lP[^'m<^}^^,h^h^P.^^ *e edgesr grow (lowep m\ 
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Txg^SkfWt^ agitdid>Ic to tbeitnotion dJF a ^Idbe aft^tit 
J,: iYs akis. By obfervation of ?hefe fpbts, the fun is 
ibiiftd to revdive about iis axis in 25 or '26 ds)s. 

8. In our planetary fyftcm, none ©f the celeftiaS 
bodies ihine mth their own iiative lights but only 
the fun. So that all the planets bdth primary and 
ibeiMdary lare opake bodk^^ that liave no odier 
li^bt but ^hat they receive from the fun, and re^ 
fle% it back towards the earth and other places. 
This is evident from th^e moon, for only that fide 
«f her is 6bferved to fhi^ne whidh is direflily o|>- 
jiofed to the fun, but the other fide which is from 
Ihe fun is quite dark, except fo far as it is iUumi^ 
tiated by reflexion from the eafth i for the more of 
Ae illuminated fide that is turned towards theearth, 
Ae more we. fee her enlightened; the reft being 
dark. And the more of her dark fide that is turn-^ 
fd towards the ^earth, the more of her appears 
da^k. Thus at the full flie appears all enlighten* 
id, and at the change all dark. The like phc^o* 
Itaena tore obferved in Mercury :and Venus, which 
Aeiw all the phafes of the moon, according to their 
iparious fituations; and fbmetimes appear like a 
black fpbt upon the body of the Tun. Mars like- 
iffife appears gibbous when rtear the quadratures 
with the fun. The Satellites of Jupiter are cclipfcd 
When they are behind his body, being thenimmeffed 
ki bis ihadow ; they likewife caft their ftiadows up- 
«n the body of Jupiter. And in Saturn the Iha- 
How of the ring upon his bocty proves his opa- 
€ity. And the weaknels of the light of thofe ihat 
tgte hf diftance from the fun, fliows that it is not 
Itoate but borrowed. 

9. All the planetary bodies tre fpKerical, anfd 
all or md&, of them have a rotation round their 
axes. Thus the earth revolves in 24 hours 5 and 
We find by obferyation, that Venus revolves in 23 
fcoors> Mars in a4^1u>ui^, Jqpiter'iniiear 10 hours^ 
,4* and 



Aa4 ]tke mooa 10^27 4ay^ being facr periodic tiffl«^ Fig« 
^nd always turos the fame &ce tow2H^4^ the f adn^« i, 
Tlv^e motioos «r« fo^i^ by me^ns pf (:<sri^ jTpqif^ 
vpon their furfeo^, wfcijch g^v^ w ^e f^j^ pf tk^ 
PQt^tioii. In the oc^ planec$, ^ t;he w#im; of ^Ji 
MMwrks, the tin^^s of th^f ^QWipn hgvf jp^t fcs 
l^en fcH*ad. AM tlm tbey v* Tphc^^ i>PQifH 
app^e^J^s ^^om tUp flow motion of the fppti^ ne^ ihit 
ei^s» ^^d thicir fwi&er motioa n^r iji^ .im441ei 
i^ifcewife the Ufte %9ratiog die y^imm^^i pm 

tfceir 4gwe t^ 4>e fpjtenq^il 

,10. B^id$)S'CheS^$^itf$.^S^tWll)l)^i$iMQO^ 2; 
|^e4 wi^ .a th^n 4r^ ^B, copewmc;^! winh W«»# 

and Wihofe diam^^mr i^^^r^^h^i^ ^Q^e SMWi^i 

4iwi€t€ir CPrf J»d ti^ ^ve^dth lof t;jkt^ <ir)g i$ c<^^ 
t^ #ie 4i#(W ff«w bi^fivwewi *bf riftgaodAw bpdy^ 
This 43 » v/ery f^id piibe^spinenpfl, ai^d fbe Wk^. ii 
MH: tso Jbe jfowd in iM^r piAer oekftiai bg4y. It$ 
plM^, ]i;^()$ iW angte ^8 1 .dcgfcfs ^^h )the jQoBp* 
tic5 ftod <WK:ideft ^nf arJy wit;h the iQri>ie iOf th* 
Satellites -, from whence it is probable that this ring 
revolves in that plane, ia vthe nature of a Satellite^ 
^ ^ndter fi£ sl Vaft number iof SaicUit^ tWUich 
traeh one anoth^rt ;aiKi <:on(ipQfe the nng. lo 
feme ^acos of ^his irbit his ring cannot be faoa^ 
iibfia its pbne pafiea thto* the .^acdbu la other fo^ 
fitioiis it:is vi&ble mose or Idk. 

II. The body of Jupiter is alfo cncan^aflfed 
ifitb :&xaral daijk 4iQe4 cidl^ Ji^iter's Biiis ; thele 
run 'about ^ bodf , portal to hia Qquioo&ij^* &S 
^idfe rbqltsiase obwr^fA not to Ic^ .paanaoent, bat 
fed inoreafe and 4ecwafe ; and vodci^ feyeni 
changes, and fo do tfai^ fpots upon ids iiufsice. 
. jrft. The^furfoce of it&e soiOQa is. rough ;at|d vkh- 
tc^cn^ mid'iuli .ctf innumecable tmouncaias, yatiiea 
nod d^ ipits. .This is .{dai&iiKMni the line that 
divides the light frono the da£k. par^. &c this i^ 
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Fig. always jagged and uneven ; the higher parts riwW 
2; ning more into the dark than the lower. The high 
mountainous parts caft a (hadow to a great diftance, 
which gradually grows (horter, as the fun's light 
comes more perpendicular; and by degrees the 
Kght (hines into the hollows and vallics, and then 
the fhadows of the edges gradually difappear. Therer 
are feveral fpots in the moon, fome brighter, and 
fome duller •, but no changes have ever been ob- 
fcrved in them, and they keep their places aiid 
magnitude and colour. There are fuppofcd to be 
no clouds, rain or water in the moon ; for Ihe al^ 
ways has the fame appearance. There are no ri- 
vers, no feas ; for fuch places as are fmooth and 
look moit like Teas, are full of fmall hills and hbl-« 
lows, and fuch irregularities; and therefore can 
contain no water. She always turns the fame face 
nearly, towards the earth. The mooii is far lefs 
than any of the planets, and yet appears vaftly 
greater; even as big as the fun. And the realbii 
js,'bccaufe it is vaftly nearer than any of the reft. 

SCHOLIPM. 

. . The Syftem of the Worlds as here defcribed, i^ 
called the Cbpernican Syjiem\ but other fyftems 
have been eftabiifhed and received at different 
times, whifch ^u-e founded upon the earth being 
fixed m the center of the world. They are- thete 
Uiat follow. 

The Ptolmaic Syftem^ is that which fuppofes th€ 
earth at reft in the center of the fyftcm, about which 
the planets are fuppofed to move in circles ; as firft 
the Moon, the next above her. Mercury ; and then 
Venus ; and beyond her, the Sun ; then Mars ; 
then Jupiter ; and above him, Saturn ; and laftly, 
the fphere of the fixed ftars. The planets and ftars 
are all fuppofed. to move round the earth from eaft 
' to weft in 24 hours, 

The 
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The ^ycbonic Syftem^ fuppofcs.the earth abfolute- Fig* 
ly at reft, and that the mpon and fun revolve about 2. 
the earth ; the moon in a month, and the- fun in a 
year ; and at the fame time, the reft of the planets. 
Mercury, Venus, Mars, Jupiter, and Saturn, re- 
volve round the fun ; the three laft encompaffing 
the earth. And .befides, they are all fuppofed to 
have a diurnal motion round the earth, as likewife 
all the ftars* 

. The SemutychQnk Syftem^ fuppofes the planets to 
revolve round the fun, while the fun and moon re- 
volve ' about the earth as their center of motion ; 
add it fuppofes the earth to move about its axis 
fa>m weft to eaft in 24 hours. This differs from 
the tychonic only in this, that it fuppofes a diurnal 
motion in the earth % but like the tychonic, denies 
an annual one. 

None of thefe ■ fyflsems can account for all the 
phoenomen^; an4 therefore I fliall fay no more 
about them. ' 

P R O B. II. 

ST^ explain Jberijng and fetting of the fun^ mp^ 
cndftars \ the reajhtt of day and nighty &fr. 

The phoenoniena of the apparent motion of the |. 
fim, is explained by ^e motion of the earth, thus. * 
Let FGHI be die earth, O its center; and let 
it revolve about an axis perpendicular to the plane 
of the figure, in the order IFGH ; that is, from- 
w^ft to eaft. Let A be the fun, draw AFOHC, 
and GO! perpendicular to it •, let a ipeftator be at 
T; then unce the tangent at I (which reprefcnts' 
" the horizon) will be parallel to AFH, and A at an 
iiXimcnfe diftance •, they will nearly meet in A, and 
the fun at A will be rifing in the horizon at I. As' 
th?, earth moves round, the fpeftator is carried 
^ towards F, and the fun at A fecms to rife higher 

and 
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Fig;*^wd higher s and vhcD the %efi»tor is arriycd at 
^, F, theA the fun is at the higbeft. As the earth:* 
ftiU tttFBs round, afid .the 6pt&Mx is carried from 
F towards G, the fun appears to ddcend, as if it 
moved towards D ; and when the i|)edatar is ar<- 
lived ^ G^ then the fun appears in the taogqtt at 
G ; that is, in the horizon at G ; and di^Kforer 
die fun is fettiog. Afterwards, adi the time the 
fpedtator is moved thro* GHI, the fun appears ua^ 
dar ^he horizon, tiU it comes at I, inhere the fim 
&em$ to rife again. Now k is eivident, that white' 
the ^&2iXsx is carried thco* the iUumiiiated half 
of the earth IFG, it is .daj-JUght ; a»d at ihe mid^. 
die .point F, is noonday. Aifi> wfhilft the ipefta^ 
tpr is carnod throV the dark hemiijpheEe GHi, rit 
i| ^ni^ht ; and at :H, it is midnight. And thus 
the viciflitude of day and night appeats^ hf the n^ 
tjam>n of the t^urth -abcsi^ its axis. 
^ What has JboenSud 0f the fun, is equally tisir 
of the moon, or any ftar placed at A. And theoo*. 
fore all the celeftial bodies &em dK> rife and fet by 
turns, one after another, according to their various 
fitiiatioos* Fdr kt A, B, C, D be four ftars ; when 
tne fpe^atoris at I, the fbar A difes \ and when at 
G, it fets. When the fpedtator is at F, B rifes ; 
•: and when it is at H, h fets. Aoid when the ipeo- 
" tsktorisat G, C jrifes ; and when it is at I, it ifets» 
Alfo whon the %ie6tator is at H, D xifes •, and 
v|hen at F, it feis. And the like for /aUoth^^lK:*' 
cykding to their particular portions. 

' Cor. X. Hence it is the foiryfame ibi^g^ as f9 th 
diurnal motions^ wbttber the earth $nMes mniformlf 
about its axis^ while the heavens Jtandfiill \ or whe^ 
iher the heavens move uniformly rmmi^ vfJnlJl the 
earth fiands fiiU. the .pbaMmem hing exaSfy the 
fame either way. t 
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r For whether the {jp^&AUx aaovtes m^oMAy in I<W 
the arch IF, from \Mt to esA^ 'vUUl A is &Ee4.i 3. 
pr A moiv^s imfdciyily in the ^rch APi, fram esft ^ 
tD wefty whilft I is'fioibd^ tkeiktm aMle vHl 4i«9 
d(^irtt)od^ and tberofaro the aloitmle i>f A> i^vt> 
the JnqiasDn* will ibe'the ;fmne. eiiftiev way, 

r <?CMr* %• Mim^ ms U all tie iiurnal phttnommd^ 
*Jis Jbi Ifanu tbitig Jn ^tS^ whether we fupprfe Jh^ 
earth t^mws^ ^ the heaa^ to mirvt, Jnd^fince^ 
htUf^ jfeenu io he the tafe .{mrhjn in appearances^ 
ffHTifxre ail tedculatiws Mre made nfm tUs fiippefi^ 
Ua% that thefiin^ er the nioon^ cr jorfftar^ moves iu 
its p^alfeljrom eafi to wfjfi. \ 

' That all comfxutations of the places of the fun^ 
inooa and Hars, are inade uoon this fuppofitbi^ 
t^ill ^pear when we come to tne calculation of fuch 
9ftrojfK>i?w:al prbbkms, as xlepend on the circles of 
the &3iere. For all calculations arc eafieft cpmr 
putea upon this Aippofitiok 

/ . ScHOi lUM. "^ 

^^ dte^arth really turas lound its w^ ooce ui 
24 faonirs, and bjr that means caufes all the phceno^ 
oteiia of >the diw nal DK]ftiof^ is proved thus. It, 
is tpkin^ diat either the earth sHift xevplve roun4 
its axis ;inii4. hoivSy :or elSe the heayens, with al| 
their fumituiv^ muft revolve round the earth, ia 
the fame dme. fiutit cannot be the heavens that 
ipevolane i jpr.exaniple, i^ppofe the fun revolves af» 
fer this .maauurr. Every body revcflwng round ano* 
tfaer iiody asuts center^ k is neee&ry that the ctxk* 
traiibod^ mvSL atwa^rrbe in the plane in which tbf 
feviUltiog faady movesi ; whafeever curve it defcribes.! 
otheiwifi^ dt cannot be faid to revolve about that 
body, :bnt aiasQut ifcme other poifit. ThoM^s^e if 
the fiiD moToa about, tfae^tarthaa a day^ the eaith 
muft be in the plane defcribed by the Tun in a day* 

But 
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Fig. But this never happehs but ^ccider^tally, two day^ 
g, in the year, at th« equinoxies. For at all other; 
times the fun defcribes the fevcral parallel circles^ 
that have not the earth for their center. Therefore 
' the fun can no more be faid to revolve about the 
earth, than a body moving round the ha£b of a 
cone, can be faid to revolve about the vertex. 
This may be proved experimentally thus, ereft a 
> gnomon upon any plane facing the fouth, aiid ob* 
Jcrve the hne which the fhadqw of the top of k,» 
defcribes upon that plane, thro* any day ; and for 
fevcral days in the year-, and you'll find it always 
a .curve ^ line, except when the fun is in the equi- 
noxes. . And therefore the earth is never in the- 
plane of the diurnal orbit, but then. For if the 
end of the gnomon kept all the while in the plane 
of the diurnal orbit, the ftiadow defcribed would 
be a right line, fince the interfcftion of two planes 
is always a right line. Therefore the earth not be- 
ing in the planc^ of its diurnal orbit, the fun rc-v 
volves not round the earth, as a center, m a day. 
.It is to no purpofe to objedt, that if. the gnomon 
* ^as at the earth's center it$ (hadbw would be a 
right line. For by reafon of the great diftance of 
the fun, this makes no fenfible diflfcrence. For 
notwithftanding that, it defcribes right lines at the 
equinoxes ; and at the folftices, two curves exadt- 
ly alike, with their concavities the contrary way. 

What has been faid of the fun is alfo true of the 
ftars, only the ftars not changing ^heir declinatipn, 
. they are always in their refpeftive parallels.. And 
therefore -the earth is never in the center of any of 
their motion, but fuch as happen to be in the plane 
of the equator. Therefore fince idie fun and fl:ars 
niove not round the earth in a day, it follows, that 
the earth revolves about its own axis in a day. 
Hence the apparent diurnal revolution of the fun 
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and ftars proceeds from the real revolution of the Fig. 
earth round its axis. 3^ 

It muft appear ftcange to fuppofe, that all the 
ftars, at immenle diftances, and at different dii^ 
tances too, fhould all revolve precifely in the 
fame time of 24 hours ; thofe about the equinoc- 
tial nwving incredibly fwift, whilft thofe near the 
pole move very flow in appearance; and yet 
all of them confpire to perform their revolu- 
tions in the fame fniall ipace of time ; a thing not 
1:0 be imagined, arid utterly inconfiftent with all the 
lawis of motion, 

PR OB. in. 

To explain the different feafons of the year^ and dc- 4. 
count for the lengthening and fhortening of daysy i^c. 

. The orbit of the earth extended to the heavens, 

is called the EcUpfie; and is divided by sAroiio* 

'mers into 1 2 equal parts, called Signs; thele figns 

are, Aries v , Taurus b , Gemini n , Cancer 25 , 

Leo a, Virgo «r, Libra £«, Scorpio in, Sagitary t » 

Capricorn i:f, A<juarius xs', Pifces K. Therefore 

let nr SB >i i:f be the earth's orbit, S the fun. This 

orbit is fo fmall in refpedt to the diftance of the 

■fixed ftars, that the fame afpeft of the heavens will 

appear, whether a man be placed in the earth or 

in the fun. Now if the earth be at ^, a fpeftator 

will fee the fun in «& ; and when the earth cdtnes 

to VJ, he will fee the fun in ni j and thfe fun will • 

appear to have moved thro' eG.ni. • And whilft the 

•earth is moving to n, the funwilLfeem to pafs 

thro* ni t ; and hence a perfon in the earth ol^^rves 

•the fun to go thro' the fame fpace in the heavens; . 

that a fpe&ator at the fun would fee the earth go 

through. And becaufe he is- not fenfible ctf the 

earth's motion, he afcribes that motion to the fun* 

which in reality is unmoved. And hence, bdcaufe , 

thlQ relative motion is the fam<, -whether of the 1^0 

is 



^ig, i$,indfve(^ w^ ^ ^&»zti^t)» (m^ uta thein 
^ places ; therefore aftronomers generally ftpgofe thq 
fim tamo^€ atwo^Uic^UgU^/^d^^^ ](K|i; qi^bic 
owjipd tl^ c^tH ^a^ pj?^. 

. Let. NEAQ^bie. the wrth, fvrhkh h ^-.fph^pci 
and let NA b^ us axis^, ahouF. whch k T^]»qlv£^ in 
a4 houFs. N th« cio^th fok^ A tke. iouth s. wA f^Q, 
the eqjuinofti4( or- ar Gvrc^, eq^daftj^ fro;En the gio^ 
N, A.. Ah4 tet- PR be a pvaWel gf Utitucjft pat , 
fmg thro- any pibcei Draw? a p^^ ^ "v?*! pi^^it^^ 
^GuUc tO/ vfr^^ 3»,.. this divides; th^ iUwmw^ted: hfr 
mjiphere from the dark' one. The. w& N4 ifr inr 
clihed to the plane of tiiye ^Ijyti^ or earth's orbit, 
in aji an^e of ^6^ degreje^. And- diving tb^. eawh's 
•' motion m it^ orbit, thp axis ahy ays, rcoiam iri.fi 
parallel pofition, or pointing to the fame ftar. More- 
pv^ the eardi mQW$ vwfoiwJjt rw^di tjhi^* a«tis •, 
aod thcirefons' d^rib^ oqiaal «i!eh€;3 i^ eqvh^ mmoat. 
;Now let the earth be at ^ j in thi« ppfeijiwi tfee 
circle dividing: the light and dark hen)i4>hjiie$^pafffiis 
thro' the pol^. N atid. A/ And <fQiife^w|i>ly % the 
natiire of the iphjere^ divider ail the p^alkfe a^^ PR 
into twQ equal paj;t8i y; and: ^erefore any poi,pt. lA 
that parallel, ^ %b^ oarth wyQlr«s r^nind, will ftay 
m long in theiUgk* h^inijl^ccj as im the c^rk. Thai: 
19, 1^ days and flights; a^e eq/u^. Then. a9 it* m^r^ 
10 nt,. the pcHc N cenae* into* the light h^fpkpmi 
by peifqin of th^ oblique petition of the a»i^. KA. 
" ,Aad' a/i k ptroeeeds to 4^ and b^, the light henrif 
frfuere reacM^L f afdifir and farther beyond N> tiil 
iQMoi^tg IQ M, it. i% at the fartb^ft, reaching tQ,G, 
ind j»akir^th^|i?QhrNG ^sidegreesi, the compfe^ 
naent of N wS; or 66^ dogiie^. Aod then the op- 
^ftfe^.pjQle A ift ^. fetR imrolvedin the dArk hewpiif 
pfceMT* Whence in n«th btimde$,. or in thj? l«h 
mifphwe Tc^KQ the d^y^ haive been increafing from 
:^ W^ icf , where they ^m at their longeft ^ v>r the 
gre^lo: parit.^ thep^]«l PliX^ m PD is. i^ %\» 

i. illumi- 
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^liiaiii^e)! he«ii%»hfifQ, uid onl; the ptrt D& iri Fig^ 

t^ke dark^ 9ot in the oppafite te foudiccii heitii£* 4. 

phcre th^ days h^tte b^ni dectM^fingr and are at 

cfaeir^&oiteft at Vjt. Fw i& the. paf afield to £Q hcvf 

f heir greatei papt ki the d^k kcmifpkat. If tbraf 

l^e.pQJn$.Gs ap^allel be deferibedp du9 pacaM 

J0 called the ^^V OWiir } and all the fpace conr 

lained therein i$ iUumuutfedy and theoefore there is 

na nig^t, during the earthf s fta; at itf ^ And Ar 

^ fasoe If afon, thie^ipacc within the pvuidld dranirii 

tkrpr' ly ivill be idi dark, and aU is. night there^ 

^Lakewile if a paraUei be drawn thro' B^ whcie Hyt 

cw» the 2ffck r^E» that parallel i$ called the Tron 

fk ^ Quicer\ and thea the fun wiU fhine, perpen- 

dievlar upon the ialubitanta ia that para^di. This 

la the fummor. feaJfon for th^ that are in the hfrv 

ttufpheicC &NQ, adad the winter for thoTe that live 

in EAQi And fm^e EQ^ is equalfy divided bf 

th< circle of light w^ darkneia GI ; therefore the 

days and nights are alwap equal under the equt« 

ncK^ial. 

Agaifi^ whilft the eartk moves thro' ss and )ft 
to «r , the circle of light and darkne(s comes nearer 
and nearer to the podc N» thean^NvfG and coo* 
feqjuently BvE growa Ids and kfs, till they yaniCh 
iai <r ; thten the circle cf light and darknefs paflcs 
again thro' the pofes N and A» and ^^onfeqqcntly 
bifi^s 1^1 the parallels ts. PR i aad therefore the 
days and n^ts are again equal, allov!er the earth, 
.^hUikf^e earth niQves'thro' t> ^5t u to aa^ 
the &m. ^ill feexn to go thro' ^^ n^ t v> Mtv 
then the ckde of light and darknefs ^ fall (horc 
BMH^ and tnore pf the nordi pole N; and will 01 
further and further beyondthe ibuch pole A; whence 
• the parallels. cut by that circlewill have the greater 
part PD in the dark, m the north hemilphere $ but 
m the fouth hemi&here, the greater pj|rt will be in 

the li^ghc.; Therefore 'tis winter to the norther^ 

hemifphcre 



** .k 
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Fig- hcmifoherc ENQ, the days bciflg at the fhorf^ft t 
4. and liimmer to the fouth^rfl heftiifphere EAQ/ 
their days being at their longeft. And Within the 
parallel drawn thro* G, there will be no day whilft 
the «arth Hays at ; and in the parallel drawn 
. thro* I there will be no night. Arid at the pole A 
It will be day for 6 months, and at the pole N it 
will be night for fix months ; juft the corffrity of 
what happenfS, when the earth is at itf . In thi^ 
pofition, if a parallel be drawn thro* B, the fun 
^ill fhine perpendicular to the earth in that-paral- 
lel, and it is called the tropic of Capricorn. And 
a parallel drawn thro* I is'called Xh^AntdrSidCiuk^ 
Let the earth move from as thro* A and ^ to 
<ffiB again ; it is evident the circle of light and 
darknefs draws nearer and nearer to the poles N 
and A, by which the light and dark parts of 
the parallels became nearer an equality, and fo do 
the days and nights. Therefore in the north he- 
mifphere ENQ, the days are increafing; and in 
the fouth hemifphere they are decreafing- And 
the days and nights become equal in every place, 
whqn the earth arrives at ^^. And in this man- 
. ner, are the feveral feafons caufed ; being owing 
to the obliquity of the axis of rotation of the 
earth, to the plane of the earth*s orbit* For if 
the axis was perpendiciriar to it, there could be 
no variety in the length of days, in whatever part 
of the orbit the earth was ; and all feafons would 
be alike. Therefore the earth, in the time of ptf- 
fing thro* nr SB A Hf , or thro* the whole ecliptic, un- 
dergoes all the different changes of its fituation, and 
fliews all the variety of feafons, and fo compleatr 
the year, anct "begins a new one. And after this 
manner the darth revolves year after year about the 
fun at reft. \ 

Cor. I . Heh<;e the ohliquity of the eartVs axis to the 
ecliptic^ (or v/kcb is the fame tbingy) of the equinoc* 

tial 
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tial to ibe icUpUc^ is the caufe of ibe Sfftrint fegfofu^ Fig. 
as fummtTy winier^ fpring and autumW^ during tbi 4. 
year. And without tbisy tbere could bo no difference 
of feafons\ and confequently it could not be eafy to 
know tbe ie^gtb of tbe year, wit bout obfervations of 
tbe fiars. 

For the length of the year is had from finding 
the time by obfervation, when the fun is in the 
equino6tial points ; and diere being no fuch points 
to obferve by ; there could be no method, but to 
obferye by the poiition of the ftars ; w|ien the fame 
ftar was again in oppofition to the fun \ which none 
but an afbonomer could do \ and perhaps no body 
would undertake it^ as it could be of no ufe when 
found. 

Cor. 2; ^be fun appears 47 degrees higher in tbe 
fummer tropicj than it does in tbe winter tropic. 

For in fummer it ieems to have kfeended thro' the 
arch BE ; and in winter, to have defcended thro* 
the arch BQ^equal to BE ; and their fum is 47 de- 
grees. 

ScHOtlVM. 

Thefe phenomena may be reprefented thus. 
Take a fmall globe that has the equmoftial and pa* 
rallels drawn on it. And placing a candle upon a 
table move the globe round the candle in a circle 
parallel to the table, fo as that the axis of th» 
equator may be oblique to that circle, and be kept 
always in a parallel pofition whilit it moves about. 
Then the candle will illuminate the globe, as it is 
carried round ; juft as the fun does the earth in its 
orbit. And the poles and the parallels will be the 
fame way affected with light and darknefs as this 
globe. 

It is tak^n for granted here, that the earth movfs 
round the fun at reft in a year •, by which means 
aU the phcenomena of the jfeafons are moft ealily 

C and 
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^ ■ 

p%. *anll ^kt\if kMy accounted for. "But iti tealiiJy this b 
^^ iftorc than a mere hy^oth^fis 5 for by the fat^s df 
cfentripetil force (Prop. XX.) if ^b bodfcs revolve • 
slttotit \idi other, they tevolve Sibdut their com- 
nibh cchfcr of gravity. Now the ftrn being Vaftly 
greater than the eart;h, the center pf gravity 'of dfc 
tVo bodies failis ^within IHe 6bdy of the' fun, '^Hch 
j^intls At reft-, inS tHerffbreVhflft a*y rcf^olvfe 
^outdAe ahdth^r, the ciiitier bf^the ftihlsVtiy 
Hltlc ihoved, Ifeihg at in Sret»y;fina!l drftSilW^fh 
the' tenter "tif- gravity; '^h^nce the 'fun ^desikk 
ftlir'Wt ^'ift ^itt. Am cbfifeqti(fntly it is f^d 
«fet"tfie ckm By'ife aihtua*^riW>tloh, iW6Ves^*Wk 
<he Tiin 'at Ye9t. Thty ' Aat affcrt that tWc ftm 
moves round the earth, muft firft prove that the 
earth is vaftly greater than the fun, which they -ne- 
ver can do ; and therefore that fuppbfitibn is im- 
p^iTible in nature. 

Neither do tlie planets revolve round the ^arth, 
for tlien they would deTcribe areas proportional to 
the times ("ib. Prop. XL), which trey do not : and 
fome of them do not. include the earth in their 'or- 



bits. Likewife the fquares of the periodic times 
would ^be'-^s the tuBtJs 6f «hdr 'diflSncbs &bm the 
i^rth tJb. PW'p. XVil.'), 'Which tH^ are'rtot. ^^dt 
fell tfiefe 'iMIhgs^^rfee '^ifti^e -fen, is ^tfte cefrtfer 






of their iHotions ; corifecftiefftly the fijn Hnd.phinets 
So nbtrSVolvie rbuMthef datth inflicirieVeralperro- 
Sic tiffies, but the cafth%fd-'pliiftts^r^vblve abbbt 
the fiin ; 'ffie earth % 'a -year, ^and 'the filah'ets in 
their te^efti^^e 'ikiioSiikVmrhs. 

All'peb{)le ^ii^rce thiat ifhe tiibbn revblVfes "abotrt 
theeartfh; arid rf the fiin revolved kbbtit it alfo, 
Its .velocity ivbUld "be ^5 times the velocity of the . 
moon ; by reafon of its great diftance, contrary to 
the laws of rfatiirc, and *Cbn'6. Prop.IIL ccntri- 
lietarforces. 

■ ■ * ■ "it 



ItinayJjepfasfer-jwi^ t^ the 4ao» phoenfinena Fjgk 
appear, whether .^ bg^i©? <^ %^ ^^f^P^ bf ,4. 
<ROv«d $ fp that it qjtopqt Jt»e prc^pd j>y 4^ pUeVr 
yatioas thet^felvtf, -i^^hf!!^ .the AP9ti$M» i^ in ch^ 
fu^ fQr>in.the<eartl^. 

» -> 

jpjtQJS. ;iy. 

Xet E be the caith, ^^Cpp^tlie ;R)PQn pevolying ^; 
about the earth in her orbit 1357. The moon .is 
the mpft fplen^ki Jgilan?t jn the heaveps, owing to 
its apparent magoi^ude an^rOearnefs to ,us. She 
|)erforrns her revpl\,^iQn from. ch^p^cc jo.qhange in 
a mpnth; 4uni^ which tjme ^e ^s always chai>^- 
ipg her figure, and puttfpg on different plxajTes or 
^ppe^ances. (Half of Jher tingie flie is iocreafinj 
from the > charge fo .the ifull, ^nd ^in the other h^l 
Ihe is deGre^fifig frojp the full to t^ie change, when 
pie becomes invi^ble. But ,ail tbis is ohlvjn. ap- 
pearance, for the moon is a fphericai pp^ke body 
uke the earth, and ^vre can fee. no part or her but 
fgch a part of h^r: illuminated heinifphere .as is 
tjained towards us,, the xeft remains jnvuible. From 
jhefe appearance^, one wQuld fuppp|e jh^t the ipppn 
is generated ^new every chai»]^, mcreafes to the 
feu, .wd then waftes ^jv<^ again to npthinff.in the 
chasge. To explain jhis,lwe muft unqerftan.d, 
th?it|he has.np light .but what Jfhe receives ifrarji the 
fun, which 4s the ijght Ihe, Amines with. JFpr the 
/un ftuning^upon the moon, Uluminates that he- 
^;fphere»6f h^r, which ,p turnpd tqwards him, ^the 
pppofifte-hemifphcre beipg'dapkrand invifibje. And 
%^ 'her fituation in ^e^edl. pf .the fun, forpetimcsar 
greater and fometimes a Jefler part of her enligh* 
iwjed.hemifphere is turped towards us. " 

C 2 _ Us, 
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i?ig. Let S be the fun at an immenfc diftance ; anct 

5. fuppofe rays of light to be driiwn from the fun to 

the center ^f the mOon, and that BA is erety 

inhere drmm perpendicular to thefe rays through 

the center or the moon. Then it is evident^ 

' that the circle B A is the circle terminating light 
anddarknefe, or dividing die light from the dark 
hemifphcrc. Alfo fi-om E^ the center of the eacth, 
draw lines everywhere to the center of the moon 
in her Orbit; perpendicular to which draw the 
plane CD, then the circle of vifion CD will divide 
the vifible hemilphere of the moon from the invi- 
ribl9 one. 

iSuppofe the moon at i, direftljr between the 
^arth and Tun ; then the circle AB of light and dark- 
nefs, and the circle of vifion CD, coincide ; and her 
whole illuminated hemilphere is turned from us, 
and her dark fide towards us ; and we cati fee no- 
thing of her ; and now :fhe is faid to be at the 

. Change J or it is new Moon. Then whilft fhe moves 
along her orbit from i towards z, part of her illu- 
minated hemifph<;re begins to appear, and at 2 
the part C A becomes viable, and the part DA re- 
mains dark. In this pofition fhe appears fmall and 
borneJj with her back towards the fun, her horns 
looking eaftward. Then while fhe advances in her 
orbit from 2 to 3, her light increafes more and 
more, as more or her enlightened fide appears to 
us. And at 3, wTiere 3E is perpendicular to SE, 
there CD is perpendicular to AB j then half of her 
enlightened hemifphere will be vifible, and fhe is 
then bifedted, and fhe appears a Jbaff moon.- Af- 
terwards moving from 3 to 4, fhe ftill increafes 
•in light ; and at 4 the part C A of her illuminated 
difk appears, which is more than half, and the part 
DA only remaining dark j and in this p6fitiori fhe 
app'feits '.gibbous or crooked on both fides. . Still 
proceeding in her prbic from 4 towards 5, her light 
' ^ flUl 
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ftiil mcreafes, and at 5 the circle AB terminating Fig«^ 

lioht and, darknefs coincides with CD the circle 5. 

of vilion, and there the whole illuminated face of 

the moon is turned towards: the earth, and becomes 

vifible. In this fituation^ being direftly oppofite to 

the fun, fhe h fud to be at /i^ fuIL And now 

fhe rifes when the fun fets, and'fets when he rifes. 

In like manner as fhe proceeds in her orbit^ ihe 

begins to lofe part of her lights and at 6 the part 

BC is darkened, and the part DB only viable; in^ 

this fituation fhe is again gibbous. Then moving^ 

on towards 79 fhe^ lofes more and more light, and 

at 7, where E7 is perpendicular to SE, fhe appears 

l>iie£ked again, and b'ecomes a half moon. The 

moon ftill ^oing forward towards 8, the illuminat-^ 

cd part wluch is vifible, becomes lefs and lefs, and 

^t 8 fhe appeia^rs crooked and horned, the horns 

looking now weflward from the full to the change ^ 

C€Jntrary to what they did from the change to the 

full. The moon flill proceeding to i, the fight b^ 

degrees vanifhes, and at i, her whole dark fide is 

turned towards us, and fhe is again at the change^ 

It has been obferved, that the mooa has no 
light but what fhe receives from the fun ; but this 
is not to be taken abfolutely, for there is a very 
fmall quantity of light refle^ed to her from the 
earth, efpecially near the change ^whichi makes 
the dark part vifible in a clear ain For at that time* 
the whole illuminated hemifphere of the earth is. 
turned towards the moon, and enlightens, her dark 
fide, and makes it vifible^ For fince the moon's 
light enlightens the earth; much more will the . 
earth's refleAed light illuminate the moon, as. the 
earth's hemifphere is 15 times: as great as the 
moon's. And hence arifes thax dim light, whick 
is obferved in the old moon, by which her body 
becomes vifiblc, akho* but obfeurely. 

C 5 Tbt. 
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Fig. the ftOdn io€i net rribiJ^e* in th* ^lan* 6f ^e 
5w eclifxtic^ but iA an etbit making a1)0uii five degreed 
incliiiation With k. And Hence k tomes ta |>d'^i 
thare fometirtits th^ moon rifts Kiglter ihin the funy 
Mrheri the fon is at higheft j and fometimes lowef 
than him^ when he is at Sie ioweft meridian akitude; 

Cor. Hencf tbi men has Jhe renmrk^hl^ pbafis 
0!r apff Arrets, i. Newfn^. 2. -FuU pfopn* 3*Tht 
^rned. mo9u 4. fbe half mo^iu 5« 7^^ gihioM 

To Jbiw the tAtttreef edipfity aid tbt reafim ^ 
the eclipfis ^ 4btfim and frioMk 

Any o^ake body txpofed to the lieht of the fun^ 
er of any erther lumiiious body^ wiifcaft a fliadoW 
behind it. This fhadow is nothing but a fpacd tmi 
ef Hght^ ihto which if any other body happens txi 
ft>me^ it cannot be fden fur want of light. This 
body cdmirig within the fltadow of the cmier is faid 
to be dclipfed* Hence thisre miift be AxeA bodies 
cbhcerried in any eciipfe, the lunmiaus body, thu 
body cafting a fhadow^ and the body ]tivd\^ in 
the fhadbw» Nt)# fince light moves in right Iki^^ 
if ttie bbdies be fphbrical^ the fhadow will be a 
cone or the fraftum of one, whofe axis p^fi^ tiirt* 
the center of the luminous body^ aoid the center 
of the body ciftii^ the fhadow. 
5 Let AB be a luminous body as the iun, CD an 
t)pake ipberical body ex|7ofed to its h^t. Draw 
AC, BP to intcrfed in P ; then the cone CDP is 
the fliadow of CD. Into this fhadow no light can 
conic from the l\iminous body AB, Draw BCfi^ 
ADF, and the fpace ECPDF is die Lpemmira arif- 
ing from the ftradow of CD ; in which ^ace fomt 
light comes from part of the bod,y AB, Near to 

cp 



Scft-L, E C L J f» ^ E S, 2^^ 

C? and DP it is nparly dagrk, aj; there, is no light Fig. 
comes there, bijt what cQ^nes frotn Ymall p^r|s of 6;' 
the bocjy AB ijear the edge;?. The further you gp 
from Cr aod D^, the. mofe light there isl 'as a 




br^ is exceeding fmaU^ becaiife almoft ^U the lu- 
fninous body AB can fend its. li^ht to' thefe plapesJ 
'therefore tl^jpenumbra is darkSl a^ CP, Dp ; and 
vanilhes, at CE, DP; Now if any opakc body a2 
G hapDens to be m or near the ihadow CDP^ that 
par^ wnjcK Is witKin th<5 fhad9W wil;l*bfe tbtal^ 
dark J apd the p^rt t^t is in the penumbra, wm 
havf forpc faint lights Tsjiich is'grcafer^ ^he, furt^ci? 
it^'ifeacKes from pP. The boiqy G then i^jil'bf 

ecjip^ ^H'^^f R^^^'i^Hy ^^ ^9.!^^%' If ^^^ ^9^y^ 
ofjh^ bpcSy G ti^ppep to fajil iri the axi? o| the coiie 
C5*P^ It viU be c^tr^fly eclijpfed*; and if its dia^ 
ni£*ter be lefs than the diameter of the cone of fha-^ 
dgw in that i>lace^ it wil| fep totally eqiip^dL' ^ 
"Therefore i£*AB be the fun, CD the earth rnQV-^ 
ing in It? OFpit, anq G the mppil rpyqlving about 
the earith ; wh^n tlie ppoon at G com^s to tlie op- 
pqfitfctn of the ftin, or to hp full nipor^ it wifl 
then coixie near, or fall intp the* fhaJpw. of the 
cjarth CpP, if it f4ls 'p^q f he ll^ow it will bje 
eclipfed. Now if tjtie fnoon's. orbit was iji;i the plane 
of the ecliptic or the earth's orl^if , there woujd be 
an eclipfe of the ^lqo^^ eyfry full poqii, an^J a 
ceptral one. For at every full nioph tke cefitejrs or 
all the three boidics wqpld be in* a right line ; an A 
therefore the moon pauft neeps go thro* tne earth's 
ihadow. 

Again, when the nioon, by jpevqlving in its. of*^ 
bit, IS come to the pppqCite fide at H, whtre it 
is new moon, then its body will be between the 
£un AB and ?arth CD, and confequently will caft 
i fli^ow upon the earth. And to thofe that live' 



» 

Fig* upon tliat fpot of earth, the fun will (eem to b 
6. eclipfed) or to lofe its li^ht ', tho* in reality it i 
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be 
is 
that part of the earth thatls eclipfed. And there- 
fore if the moon's orbit be in the plane of the 
earth's orbit, there will be an eclipfe of the fun 
every new moon ; for their centers will then be all 
in a right line. 

But the orbits of the earth and moon are not in 
one plane ; and therefore there cannot be any eclipfe 
but when their oppofition or conjundtion nappena 
Ht fuch a time when thev are at or near the mter* 
jeftion of their orbits, tnat is, at their mdes. Fof 
at the interfedtion, they will be all in a right line. 

Let £ be the earth, BL AC the moon's orbit i 
AGBD a circle drawn in the plane of the eclip- 
tic, interfe^ng the moon's orbit at A and B, the 
nodes ; AB the line of the nodes ^ the an^le GAL 
or DBC the inclination of the moon's orbit to the 
ecliptic, 5 degrees. Now as the moon moves ia, 
the orbit BL AC, and the fun feems to move in the 
orbit BGAD ; they can never be in a right line 
with E, but when they are in the line of the nodes 
AB. Let die fun be at F, and the Ihadow of 
the earth diametrically oppofite, at H ; and I the 
place of the moon when the full moon happens ^ 
then if the diftance HI be Icfs than the lum of 
their femidiameters, there will be a partial eclipfe 
of the moon at H. But if they are at K and L, 
fo far from the node B, that the diftance LK cj^^ 
cccds the fum of their femidiameters, there can be 
no eclipfe, for the moon will mifs the fhadow. And 
Jbf they happen in B, there will be a central eclipfe. 

Again, let the fun appear at F in the time of 
the conjundion, and the moon be at N, and if 
they be fo near the node A, that the diftance of 
their centers NF be left than the fum of their ap- 
parent femidiameters ; then there will be an eclipfe 
©f the fun at F, at the time of new moon. But if 

they 
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they are fo far from the node A> that the diftande Fig. 
PQ^ exceeds the fum of the femidiameters, th^re j. 
-will be no eclipfe at that new moon. For then the 
moon at Q can'^hide no part of the fun at P from 
bemg feen ; or the moon's Ihadow at Q miflcs the 
earth. Laftly, if they f happen to be at A in the 
time of new moon^ there will be a central eclipfe 
of the fun. 

Since the fun is iMggcr than the earth, and the 
earth bigger than the moon; the fhadow of the 
earth or moon will end in a point. And the dia« 
meter of the earth's (hadow 'w\\ be far bigger than 
the diameter of the moon. And even at the di£» %^ 
tance of the moon's orbit, the^ diameter of the 
ihadow CD is thrice the diameter of the moon; 
Whence it comes to pa& that the moon is 4 hours 
in paffmg thro* the earth's Ihadow, or that a cen* 
tral eclipfe of the moon is 4 hours Ions. 

The moon CD being far lefs than the earth, its j. 
0iadow CDF ends fooner, or is Ihorter, than the 
earth's (hadow. And fometimes the cone of Iha- 
dow fcarce reaches to the earth, and very little 
further at any time. Therefore the feftion of the 
ihadow, where it falls on the earth, covers but a 
very fmall portion of the earth's furface AB. Thus 
the (hadow F eclipfes the fun only to tho(e that live 
upon that. fpot. And as the moon moves eaftward 
over the fun's di(k, the (hadow F moves over the 
furface of the earth defcribins the tra6t FG, go- 
ing off at G. And all die inhabitants living un- 
der that tra£t, have the fun fucceffively eclipfed, 
and totally. Tho(e that live at feme dKUnce from 
the traft FG, will have a partial eclipfe, as they 
fall whhin the circle of the penumbra HI. But 
beyond that, the inhabitants are not fenfible of anjr 
eclipfe. The cone of (hadow is fo narrow where 
it falls upon the earth at F, that the duration of a 
total ecjipfe continues but % few minutes in any one 

place. 
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Fig» pUcc» \Anci the- area which tl\e fhadow covers does, 

«^. i)Ot 'Qxceed three, dfegree$^ in diarpeter 5^ tho' th? pe-, 

riuaiE)ra reaches, over a ^ace of yo decrees, %v 

which rcafon the wHqI?. lepgt;h of a' tqt^ cclipfe is 

?bQut two hour?. 

Cor. I . -^/ ecUpf&s of tbi/$m happen, at the change 
^ the mf>on\ and all ecHpfn ^ the mean are at the 
full moon. 

For it is onfy at the change that the moon comes 
Itetween the earth and fun. And 'tis only at the 
full, that the earth can come between the fun and 
qioon. 

Cor. 2> ^he ma/r^ tli(> fun ifn4 nfoe^ one to^ tiht. 
mditSi at the: time ^f an ecHpfe \ tht grWff the ecMfff 

Cor. 3. In tVity. ^cUpfe of the mo^f the ecHpfe 
Jirfi fffgins on her e^ltern Jide^ qn4 ^e4 9Jf on her 

jFor her motion being fwiftur than the fun*$, or 
the (hadow of the earth \ |he pvertake§ the fhadow 
qp4 enters into it, qn the weft fide, with hpr eal^era 
limt)^ as fhe moves e#ward. 

Cor. 4. In ecUpfes of the fun^ the wefiern fide^ h 
Jffji ecBpfedy and ends on the eaftern fide. 

For the moon moving fa(fter, overtakes the foji 
in his motion eaftward. 



Cor. 5. As moMjf ecHpfit bappm tfthpfuff l 
rfil^ 0;s^ thtmoen. 

For tW moon's ibadow 4* tjb/e isatrth's difl^oaoter 
2;: earth's Ihadow 4- the mm^'i diaufiejter- Wh?nc4St 
the moiOffi's fljadow foils as oft on foK^e pm of %h^ 
earth, as the earth's ftiadaw ^on thei Q^99n« 

Cor^ S. In any parficHlar pkce^ there are tn^rf 
edipffs of fbe maon than of the fnn. 

For 
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' For the Ihtdow of the moon ia kfs than the Fig* 
earth's fhadow^ and therefore will not fo often ob- 9. 
I fcure a certain place of the earth, as the carth's^. 

ihadow will of the moon. 



Cor. 7, In ftme places, of the earthy an ecUpfe of 
the fun majf be tom^ in other i partial^ and in fome 
Hfone af aU. 



Cor. 9. Bciipfes tf ibejkn imit happn at ibifi 
time in differ em ftam of the earth. 

For an eclipfe is vifible firft at its going upon 
the earth's difk, then at F ; then fucceffively at all 
f he places along the traft F6, as the ihadow goes 
along. And laftly at its going off at G. 

Cor. 9. Jiut an eelipfe of the moon happpie ai the 
fkme time to all the inhabitants of thi earth. 

Thus all the inhabitants of the earth A9i ttl 1 
whom the eclipfe is vifible, will fee the bioqii^ im^ 
merged into the (hadow at D, at the fame iitftantu 
They" will alio at the fame time fee it pals thro^ 
the fliadow DC, and then tmex^ ac C. 

Cor. 10. ^he moon^ before Jbe hepns to heecUpfef^ 
or to enter into the fijad&w of the earthy grows very 
pale. 

The jseafon of this, is her being in the penmnbra^ 

Cor. It. Wlben it happens that the cone of the moon^s 
JbaJoxv does not reach the earth ; there will be no to^ 
tal darknrfs at the eartb. And thofe that Hve where 
the axis of the tone cuts the earthy will fee a hrighe 
iingJUrromMng the moon. This is eoHled an enmmar 
iciimi. 

or nothing but die ^>enuinbra itS&ik then on die 
earth ; and the bright rmg that appears, is die edge 
of the fun appearit^ ali round % the «ioon being 
flien (apparently) Icfe than the fon. 

Cor. 
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Fig. Cor. 12. No eclipfe of the fun happens to alt 

9, places where $he fun is vifibk\ but only to fomepar^ 
ticular places on the earth. 

Scholium. 
^m^imes in an eclipfe of the fun, the moon: 
appears to have a dufky red light ; which is owing 
to the refraction of the rays of light palling thro* 
&e earth's atnio&here» elpedally the red rays^ and 
fo falling upon tne body of the moon. 

P R O B. VI. 

TV expUun the ftations and retropradations of t£e 
planets^ and their phafes. 

if an obferver was fituated in the fun, he would 
Ibe ' all the planets move regularly the fame way 
about him from weft to eaft, fome fafter and fome 
flower, according to their refoeCttve diftanccs or 
rather nearnefs. But to an obferver upon the earth 
the motion of the planets will be very irregular \ 
becaufe the earth being one of them, is in motion 
itfelf.r Sometimes they feem to move direUfy from 
weft to eaft, according to their true motions. At 
other times they feem to bfe all their motion, and 
to ht fiationary. And.fometimes they feem to ga 
contrary to their real motions, from eaft to weft, 
and fo move backwards or become retrograde. Thefe 
motions have no relation to the diurnal motion of 
the celeftial bodies v. they are only confidered as 
moving among the fixed fta,rs;^ fo that when a pla- 
net moves from the weftermoft!ftars towards others 
that lie eafterly, it is faid to be direH \ when it al- 
ters not its pofition amori| them, it is Jtationary. 
And when it leaves the eaftermoft, and moyes tO: 
wards the weftermoft ftars, it is retrograde. .* 

10. Since Venus and Mercury (which are called in- 
ferior PlanetSy becaufe they arc nearer the fun than 

we 
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we are,) move fwifter about the fun than the eartkFig* 
does, aild perform their revolutions in left time. lo. 
Therefore only a part of the earth's orbit wiU be 
described, whilft an inferior planet deicribc^ its 
vrhole orbit; and therefore it will be frequently 
overtaking the earth in its motion. 

Let an inferior planet be at E and the earth at 
Ti' in the oppofite point, moving in their orbits, 
round the fun at S. Then whilft the planet moves 
from E towards F, if the, earth ftood ftill at T, 
it would fee the planet move eaftward or direA ; 
and much more lo, . if itfelf moves towards V. 
When, the planet comes to G, and moves from 6 
towards H, it will appear to move as quick as the 
€un, becaufe its motion tends towards the earth at 
•V ; and therefore its apparent motion is flower than 
before. From ' H to A, (by reafon of its fwifter 
motion than, the earth j it wiU tend to a point be- 
yond V as at W J and when the lines HV and AW 
are parallel (which they are tending to), the pla- 
net will feem ftationaty. Afterwards the planet 
moving fafter thro* AB, than the earth moves thro* 
WX, the planet will fecm to move weftward or be 
retrograde, and will continue f:} till coming to O, 
a little before it feems to move in a direA line from 
the earth at Y ; and about O and D their pl^^s 
will be found again in two parallel lines, that is, 
OY, DZ will be parallel ; and then it appears fta- 
tionary again to the earth at the place YZ. Then 
the planer by its fwifter motion thro' DE, will be- 
gin to turn about from its parallelifm towards the 
eaft, that is, it will be diredfc again. Beyond F it 
will increafe its dire£b motk)n more and more, till 
it come again to the earth's oppofifion. And from 
thence every thing will follow as before. And this 
will be the phosnomenon of Venus and Mercury. 
And as Mercury moves fwifter than Venus, it 
iixoner overtakes the^earth, a^d therefor^ the ^^ 
- " Wns 
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Fig. ihmt Md wtrogmdatloos ivSU !:< toose ^frequetM: .19 

jiq. Merci^ tfean in Vdnws. 

1 1 . Again rlct ABC i>e ithe 'f)rbH: of the e^tPtfc, ^ijf 
£be fDr^bit of % r^perior pUnat. *Th plain, tiui 
l^Mfi the fwiftdr jrno tioiit»f ifae earth, ^d^tHe Aower 
motion of the pkneti dxit the .plaMt ^iU (on^/^ 
timiQs beinconjun^on^withitlie ^,4nii fooierimes 
in oppofition to iiim. Xwet:tfae:Q2inli'be/fltt A, anfd^ 
the plafiet at tf in G0Eit|unfSHQn with the fun, in the 
oppofite point of its s>rbk. Ai)d ^ while ihey.bpfH 
move in their tc^diw lOiJMs* let-iheir cont-empe^ 
rerry pofitions be A^, !B6, Cf, ©i, ^<. Now '^i^ 
evi<^t, if (the jearth 'Ocood .^\ ^.A, the j>]aii9t 
^viould feeoi. 10 oaove eaftward from ;tf ^to.i^, ^c ^^an^ 
•much mo0e iia&it0pj^ti9(t to doxh^u 
moves the fiime-iiu^'ai»wt thei^eiM^ ffQin A to B,. 
1&C. and- this roaiufes jthe jplanec to iwMre lfafl;er rth^p 
4Nrdinary in appearance, itn the pinfitioas 6^, ^ 
motion of the learth at .B is tnore d^iqyc, fi»^ 
4;^erefore the planet fetms 130 ^Qaiken its fiBotion. 
Between B /and C, ^out G, the eftrtli liie«iis ^ 
tnQve dtse^aiy towards ifae.pl^et, ladTj^iH^iiagrto <$ 
Aad ther^foreit Aems Acre to HW)Yeiao f^fter jJxftn 
the fun does. About C^, the Jtae Qonpcf^ic^'tl^ 
earth and ;planet will conttime ^or ii^me Bs^s^llfifr^ 
pftvaliel to it&lf, sas 4>oiiii^ lalwa^ ^ line /^aip 
ftar, and ^tJKa tiie^pknct-^wiUifeem ftaiioofiry. lAdr 
^aneiftg^^ D and </, ,ri[ie: planet will c^n>e ito rtte 
^pdfition of ^the fiwi, and the ^tth; moving with. ^ 
iwifter /motion. wdlH ^fecm/to kflnrejthc:pl^ 
^hat is. the pianet w^i nowrJaegiaTto-be retrogranie. 
iP&tliD)Mdy, (tbe^retrogt^^ itiotion wHl^dacre^^ 
!by reafim of ther^arthcavsnetiflnlDei^g aiOFe obliq^ 
4x) rthatt^et ^r> aaod lame >wbere ipt&iD-mdrdj the 
rline rcomieftiftg v^he eaithiand planet, will <x^mv^ 
nue /for foaie ; time paraitel'to itfelf j tbat ris, the 
planet ^ill #gain - ^be ftationary • Appifoaching -to- 

> ^U(i»Ewd:cviibgsta$^hOx^^ 

Hhc 
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*e piinit, ' ahd ^hch Ac plitiet feetfts to havt the Fig. 
feme ntotton eafhWi*ti a^the^ati has. Between % Vi. 
and 'F t9\e*carth 'btohts* t6 'g^t to the 'bpyofitc'-fitte, 
frbththe jAarict ; 'Which accelefates thtplitiees fm)- 
tion eaftward. At F/ they are^pproadiitfg-to'thc 
Cppdfition ; "and fofnewh^re bef*^^h 'K*6 ^fi J^^ ' 
fhef are agam in the oppofetien, w the planet -ts 
m tdrgtinftioh -with the lOn, 'as at fl^fr; t«^e-At 
app'areftt motibn Is greattft. And thus the 'feme 
phenomena -will be repeated owr^ag^. 'Th6fe 
will be the ptreenotWEina bf the ftrperitr^i^ftfets. 
Mars, Witef arid SitVii-n; With tws dffferertce, 
fhat the ftations ariS tfctro^dations iK^lllse'nibrc 
frcouent in Sartirn than m Japiter 5 .ictfdttiofc ffe- 
qutat in Juphcr than iti Mars. ' BecaUfe the earth 
oftener overtakes Saturn than Jupiter, Md Jupiter 
bftener than Mars 5'lmd pafles between them atfd 
the fun. * 

Shec the mferior'plknets tnWetotrid'theftln at la 
a lefs diftance than the earth, therefore th'eir brbits 
are induded ^within the eartWs orbit. ArtdfiKec 
their p^lanes almdft cointide whilin the'Mfltptic •or 
pfeiie'Of ^the eirth's tttbit -, therefbrfe -th^^p^riSts 
willfeem'to^fpeiJtator'tfn the'tatth, ^Dftife'tiftiesto 
go • to the eaft xSf ' the ' ftin, -affd ^fohietirfies :to ' the 

^ft-6f* hihi ; ihd -fo 'to mO\re buck '^ifd^fotwara 
Vith *a "^ratitig mdtirtn kJtilbft !h a^rtghtlfrfc. 
lltus if the eikhbe ^t 2,*^the platiet *«yol^iisg 
in the otbit^EfeA, Vftrifeem* tohiove In ^the' lirres 
DS, SB, 'aridthenr bafck Ugactn *in the 'lifted, 'S^, 
inakirtg ^ iqdfsil irfbtttiorts 'ftOfn'the TtrrfS, -^&Ch way. 
^Arid thie tfngte TSZS Or 'EZS, thkt is^'ttie 'tfppHreftt 
fertiidiiuWeter^bf UeortJitmZ^ istMd^ht^lon^ 
Ration, in Mettnry it Is ^^ degfefcs, 'and ?n "Ve- 
-niis 45<ftigrees. Hre YopettOr ^Iknift^ belng'fur- 
^hercKftiMit^frbni the ftin than the eafth,^theirdfbits 
Hnduderthc^earth's orbit* "A'ttd theWfdre'theyTeem 
'to''itti]hrc*ab0Ut'the'e^fth ;*mw*frte*<ro1tt^ 

to 
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Fig* to it, and appearing bigger ; at other times being 

11. further off, and appearing lei&r. Thus when 
Mars is in oppofition to the fun^ he is 5 times 
nearer than in his conjunftion, and appears 5 times 
greater in diameter. 

12. The inferior planets being opake fpherical bo* 
dieSf enlightened by the fun, will have the fame 
phaies in regard to their enlightened parts as the 
moon has. But they cannot be perceived without 
a telefcope. Thus if E be the earth % A, B, C, 
D feverd places of an inferior planet in its orbit, 
enlightened by. the fun S in the center of its orbit. 
*Tis evident, that half of the planet which is turn- 
ed towards the fun is enlightened, whilfl: the oppoi* 
fite fide is in the dark. And fince only that fide 
which is turned towards the earth can be feen by 
an obferver ; therefore more or lefs of the illumi* 
nated fide of the planet will be fepn, according as 
the light fide is more or lef3 turned towards him. 
Thus the planet at A, has its dark fide turned to- 
w^ds him, being ypon the earth at £ *, and there- 
fore it cannot be feen. Moving toward B part of 
the illuminated fide will be towards him ; and the 
planet will appear horned like the old moon. At 
B, half of it, will be towards him, and it will ap- 
pear like a half moon. Between B and C, it will 
appear gibbous; and atX the whole illuminated 
face is turned towards him ; and it Would appear 
like the full moon*. Between C and D, it would 
appear gibbous again. At D, like the half moon, 
between D and A horned, like the new moon ; and 
at A invifible. If the planet, when at A, happen^ 

, to be in the plane of the earth's orbit, or in a node, 
it will appear like a fpot in the fun's face. 

As to the fuperior planets, fince they 'move, 
about the earth ; their illuminated hemifphere will 
always be turned towards the earth ; except in 
Mars, who by reafon of his nearnefs, has^ part of 

his 
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Kis illuminated herriifphere turned frbm us, in his Fig. 
quadratures with the fun; and then he appears iz, 
gibbous. • ' 

Cor. I. The inferior planets are always dire^ when 
furth^ from the earthy and appear then leaft \ and 
they are always retrograde when nearefi the earthy and 
appear then biggeft. 

Cor. 2. Tbejhorter the periodic time of an inferior 
planet is^ the, more frequent are itsftations and retro- 
gradations ; but thefhorter time tbey continue ^ and art 
alfo lefs in quantity. 

Cor. 3. The fuperior planets are always direS^ 
when in conjunction with the fun ; and retrograde 
^when in oppojition to him. 

Cor. 4. The longer the periodic time of a fuperior 
planet isj the more frequent are its Jiations and re^ 
trogradations j but they are lefs^ and continue a lon- 
ger time. 

Cor. 5. The infmor planets never go further from 
the fun^, than the apparent femidiameters of their or- 
Mts feen from the earth •, which in Mercury is 30 de^ 
grees^ in Venus 45. 

Cor. '6. When an inferior planet is direS^ it ap- 
pears full or- gibbous \ when it Js retrograde^ it is 
'horned^ or elfe dif appears ; and when fiationary^ Uis 
nearly bifeSled. 

For the former happens at its greateft diftance, 
and the latter at its leaft, from the farth •, in the 
middle time it is ftationary. 

Cor. 7. In all the planets the direS motion is fwift- 
^, when the fun is between the planet and the earth \ 
and the retrograde motion is fwifteft^ when they are 
both oH onejide the fun^ in a right line. 

D For 
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^FIXED StARS. 



Fig* Vpt d)fc ibraicr nsatioa is compoonded of thm 
motion of" the |)lanet9. and that of the dearth i and 
4tht latter is the difiS^^ence tjiereof. 



PROS. VIL 

ito difcrih thi ^dtr mid m^iinU^ ihejxedjlars. 

■ 

If one looks tip in a clear ni^ht» he will fee the 
licmifpheee all over adorned with a multitude of 
ftars» leemiagly innumerable, ^hich a|>pear of difr 
isxcot degrees of bignc&and brightnefs. Some hav« 
fuppofed that they are all .placed at the fame dif* 
t.ance from iis, in a concave ipherical furface, and 
that their appearing of different degrees of bright* 
nefs is, betaufe they are in themfelves of differeni; 
magnitudes, the greateft appearing the brightef)^ 
and the leaft appearing faint and dull, by reafon 
pf their foiallnefs^ But others with mpre reiUbnt 
iuppofe them to be at different diftances, and then 
thofe that are neareft will give the bright^ lig^^ 
while thofe that are far off* will but fhine very 
faintly. And fome may be fo far diftant as not 
be vifible. And indeed the uie of the telefcme 
difcovers to us innumerable ftars which cannot oe 
feen at all with the naked e^^e ; among which fome 
are brighter, and fome io dim as har£y to be per- 
ceived with the telefcope. Belides the greater tKe 
magnifying power of the telefcope* is, the more 
ftars are vifiWe thro* it* Whence it is very proba« 
ble, that there is an innumerable multitude of ftars 
placed at certain diftances thro' all fpace \ at kaft, 
further than we can make any obferVations, And 
yet thefe ftars may not be precifely all of the lame 
bignefs, but may admit of fome variety in their 
magnitudes. 

But however this may be, Aftronomers divide 
thetp inta certain magnitude^ according to their ap- 

. ^/ parent 



St£t L f I X E D STARS. 3^ 

parent bignefs or hrightncfs. The brigbteft, thejr Fig. 
Cdll ftars of the firjt magnitude \ the next are ftars 
jOf the /eccnd magmiude ; and fo on to the Jlxib mag^ 
nitudcj which is the laft. And all ftars that can 
only be feen thro' a telefcope, they call tekfcapic 
fiar$^ or ftars of the feventh magnitude. But we 
are x»)t to fuppofe that all the ftars of any one mag- 
nitude are exa&ly of the fame bignels, there being 
a great variety, fome bigger and fome lefler in 
every fort. And for that reafon, there are ibme 
ftars that are putinto different clafles, by differemt 
people. 

The diftance of the fixed ftars is io immenfely 
great, that no method could ever be ufed to find 
the diftance of the neareft of them. For altho' in 
half a year's time we are tranflated from one fide 
to the other of the earth's orbit ; yet this does not 
make the leaft difi^rence in the appearance of the 
ftars or their magnitudes, or diftances; no not 
with any inftruments. ^o that if we were placed 
in any part of the folar fyftem, even in Saturn, we 
fhould fee the fame face of the heavens, the fiune 
ftars, and in the fame places. 

That the ftars fhine with their own innate light 
b evident, from this, that it is impofllble the light 
of the fun fliould reach them at that diftana^ and 
be reflected back to us, fo^^as to bec<Hne vifible. 
And there can be no other light but the fun to do 
it; for if there was, it muft be vifible. And 
dierefore it is extremely probable that the fixed 
ftars, are fo many funs, placed in different parts of 
fpace, for the fame ufe or a like office, that ours 
is placed here. 

The largeft catalogue of the ftars that we have, 
is that of Mr. Flamftced's, which contains 3000 ftars, 
13 of which are of the firft magnitude; but then 
many of them are tel^fcopic ftars. And by this 
catalogue, the place of the leaft ftar, to be feen 

D 2 in 
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Fig. in thehcavens, is better afcertained than the placdr 
of moft of the cities or towns in the world. And 
ithis is abfokitcly neceflary-, for without knowing 
•the exaft places of iihe fixed ftars, the orbits of the 
•planets could never "have been found. Upon the 
knowledge of this, aU aftronomy is founded. 

That all the vifible 'ftars 4n thefirmamfent do not 
^exeieed that number, may fcem ftrange ; but it may 
be 4emonftrated thus. Take a tube whole length 
to the width is ^as iog to 97, cover one end with 
a thin pUte having only a ftnall hole to look th^o^ 
And then in any ftar-light night, if you look thro* 
it at any part of the he^tvens, aod keep it fteady j 
you*ll fcarce be able to reckon 100 ftars. To »- 
cilitate the counting of them, you may fix three or 
four threads acrofs the mouth of the tube to divide 
it into fmaller fpaces. Now this tube takes in a 
profpeft of a tenth part. of the hemifphere, as may 
•trafily be demonftrated by geometry. 

It is the peculiar property of the fixed ftars, that 
they never change their places, but keep always tht- 
'fame pofition and diftances from one another with- 
- out any variation ; and have done the fame from 
ihe earlieft ages of antiquity, wherein any aftrono- 
mical obfervations have been made. By this they 
become the Handard and rule for all motions that 
are made in the heavens, and of the fltuation of 
ail bodies that come there. There arc indeed fomc 
ftars that difappear for Ibme time, and after Tome 
time make their appearance again-, and others that 
never appear again ; which is fuppofed to be owing 
to certain dark fpots upon their furfaces, which co- 
ver either the whole or a part of their bodies ; and 
•jh their rotation they fometimes turn their dark fide 
to us. But none of them was ever known to change 
their places. 

Likewife there have fomietimes appeared new 
ftars^ in the heavens, or fomc that never were ob- 

ferved 
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fcrvcd before ; and after ftaying a while, have dif- EigC 
appeared, and been no more feen. . It is probable 
that their appearing and diiappearine is owing to 
die Aforementioned cmkyviz. a danc fide and a 
bright one, which they^ fucceffively turn towards*' 
us by a flow rotation round their axes. And that 
ihch as never appear again have their whole bodies 
covered and overwhelmed with dark clouds and?' 
{pots^ impenetrable to the rays of light. 

It is remarkable that thro' the - beft telefcopes^ 
a fixed ilar only appears like a lucid point without 
any fenTible* magnitude. This fliews at what an 
Amazing diftance the ne&reft fixed ftars are placed, 
iince they cannot be* magnified by the beft telef- , 
copes* Their fparkling is likewife a proof of their " 
iGi^aUnefa ; for a pencil of rays coming from a ftar 
is fa very fmall, that any fmall particle of the at- 
mofpherc will ftop it, or turn it out of the way ;. 
which is the caufe of fparkling*. 

'- There is a fort of ftars, called nelfulbiirftiirs;^ from* 
their appearing lUce a bright clouds When thele* 
are looked at thro* a telefcope, they are found to be* 
a clutter of very fmatt ftars, not to be diftJnguilh- 
od fingly, by the naked eye* And indeed to what-- 
cver part or the heavens the telefcope is direfted, 
numbers of finall ftars will appear, which are in- 
vifible to the naked eye. 

r. As it \b ifnpofflble to diftinguidi or know all the^ 
ftars by particular names ; therefore, for the more 
cafy defcribing or pointing out any one ftar, aftro- 
npmers have divided allthe ftarry heavens into cer- 
tain figures, whicb they intagine^ any coUeftion of 
the ftars to reprefent^ each figure confifting of a 
great number of ftars. And thcfc figjiires or inwiges, w 

Uiey call the Confiellalionsi. 
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P R O B. VIII, 

9V iij&ibe the nmiir of ccnftillations in th he^ 
vens. 

. For the m^re eafy findine any ftar, or m pkce 
19 the heavens ;. i^rooomcrs have divided the whole 
furfaceof the celeftial fpbere into parcels^ which 
they call Ccnftillatians. A Coftfiellation is a collec* 
tion of liars, bounded by fome figure in the Ihape 
Cjf lome animal or fuch other things as they fiip- 
pofe the ftars contained in it to reprefent. By 
nelp of this artifice they can find any particular 
ftar, or djreft one to it, by naming the conflella^ 
tion, and the part of it, in which it is to be found* 
' Thefe conftellations are painted on the celeftial 
globe; and in each.conftellation the principal ftani 
are marked feverally with the letters of the Greek 
alphabet; by which means, it is eafy^tp find any one 
ftar by that letter, Which is a name for it, or has thf( 
office of one^ 

The cekftial iphere is likcwife divided into three 
regions. The middle part is the Zediae^ which is 
a zone of 1 6 degrees breadth, running round the 

globe, parallel to the ecltptic, being 8 degrees 
road on each fide of it. This confifts of 1 2 con- 
iitellations. The northern part reaches from the 
Mdiac to the north pole of the ecliptic, and contra 
a 8 conl^ellations. The fouthern part reaches from 
the zodiac to the fouthern pole, containing 37 
conftellations* I fliall fet down the names of all 
thefe cohftellations^ and the number of principal 
fiara that each contain^* . ^^ 



The 
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The 12 conftelUtiohs ia the zodiac, attc£ tiieir 
charafkers,. ixt thefe. 



3^ 
Fift 



Aries «ir, 
Taurus b^ 
€jeminl n. 
Cancer 0> 
Leo Sly 
Virgo nR> 



20 ftars. 

S3 
3S 
3« 

45 

50 



Libra a^ 
Scorpio tiif. 
Sagitary t^ 
Capricorn ig'^ 
Aouarius £s.^ 
Pilces H% 



floftaiSi^ 
25 
air 
30 

49 



The ecliptic, which is the plane of the earth*$ or^ 
hit» continued to the fixed ilars, runs thro* tiKr 
middle of theie» and is divided into la equal parts,^ 
called the 12 figns^vrhofe names aretheie* Butthele 
divifions do not now faU. upoa the divificms of thr 
cbnftelladons, as formerly* For by the preceflioa 
of the equinoxes, thele diiafions are moved almol^ 

^o ifegrees back, whence the oonikllarions^feem to» 

tave moved {i> ht fbrward. 

The northern part of the^ %here formerly coiW 
fiflcd of 21 conBellacims. And thofe ftraggling: 
ftars, lying between^ which were taken into none 
of the confteUations, they called m^ormsd StarSi. 
But later aftronomers, have miade new conftellatiom., 
of dienti to die number of 7. Whence the whole 
number of conftellations 'm die northern. hemK^ 
phere are 28. 



1 Urfa minor 

2 Urfa major 

3 Draco 

4 Cephcus 

5 Camelopardalus 
t Jordanus 

^ Bootes 

S Corona borealis 

9 Hercules 



Stanfe Star*.. 

19 laLyra 17 

59 ' « Tygris. 38. 

37 " Cygnus. 2> 
34 13 Sceptrum. 17 
28 . 14 Cafliopeia. 30^ 
31 15 Perieus. 4a 

38 16 Auriga. 27 
9 17 Serpentarius > ^x^ 

34 18 Serpens 18, 



D 4 



19 Sagitta. 



40 CONSTELLATIONS. 


Fig- 

19 S^iitta 

20 Aquila 

21 Antinous 

22 Delphinus 

23 Equiculus ' 


Stars. Starts 

8 24 Pegafus 25 
24 25 Andromeda. 34 
12 26 Triangulum r 5 
11 27 Irinus 7 

4 28 Coma Berenices 1 3 



Among thefe conftellations, there are fevcral near 
the pole, that nerer fet, but continue always above 
the horizon here' in latitude 52. ' 

Ag^n, the fouthern part of the ^here contains 
f5 conftellations which the ancients remarked i and 
i6 new ones that lie under the Jiorizon tp us, and 
are never fcen ; being about the fouth pole. Thefe 
have been difcovered by later aftronomers ; with fc- 
veral unformed ftars, reduced lately into conftella* 
tibns. All which are thefe. 



1 Cetus 

2 Orion 

3 Eridanus 
'4 Lepus 

5 Canis major 

6 Columba 

7 Canicula , 

8 Monpceros . 

9 Navis 
10 Hydra 
li Grater 

12 Corvus 

13 Crux 

14 Centaurus 

15 Lupus 
i6Ara 

1 7 Corona auftralis 

1 8 Pifcis auftralis 
J9 Grus 



Start. 


Stan. 


28 


2C Phcenix 13 


60 


21 Indus 12 


36 


22 Pavo 14 


>3 


23 Apus II' 


^9 


24 Mufca 4 


II 


25 Cameleon 10 


ji 


2 6 Triangulum auftrale 5 


23 


.27 Pifcis volana 7 


46 


28 Dorado 4 


29 


29 Nubes 3 


II 


30 Toucan 8 


9 


31 Hydrus 10 


4 


32 Nubicula 3 


35 


33 Rhomboides 4 


21 


34 Royal oak lo 


7 


35 Lynx 19 


»3 


36 Vertagus 23 


J7 


37 Unicorn 19 


»i 





And 




» 



pa.Ao. 






.»./ 
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Jmd fdme more of lefler moment arc mentioned Sy Fig, 
fbme authors. 

' All the planets move in the Zodiac, and all 
their nK)tions are contained within the bounds of 
it. 

- The milky, way is a white broad circle going 
round the whole heavens ; in fome places it is dou- • 
ble* When this is looked at with a teleicope, it 
appears to Jbe full of innumerable fixed ftars, which" 
are ihvifible to the naked eye ; and by the united 
force ^of- their light, they illuminate that part of 
the heavens. Thefe we call Nebulous Stars, are of 
this kind. There are fome of thefe towards the 
Antardic Pole. 

There are alfo in the heavens, leveral whitifli "^ 
fpots, which viewed thro* a telefcope, appear very 
bright; but no ftars appear in them. So that tf 
there be any in them, they muft be fb fmall as not 
to be fufficiently magnified by a telefcope, to be- 
come vifible. 

Some of the largeft ftars have particular names, 
as Syriusj ArSurus^ Pole Star^ J/Udebaran^ CapeUa^ 
Sec. 

P R O B. IX. 

To give ajuft reprefentation of the foUtrfyjtem^ 13. 

Suppofe yourfelf placed on a wide moor or large 
extended plane, and in the middle of it let there 
bp erefted a globe 5 ^ feet diameter, which fuppofe 
to be the Suri, o. 

. At 80 yards diftance from the fun eredl a globe 
Y inch^iameter to reprcfent^ Mercury, 8 . 

- At 14a yards, from^the fun fet up a globe near 
^ inch diameter for Venus, % . 

' At 200 yards from the fun fet up a globe \ inch 
diameter for the Earth, ©• 

At 
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Fig. At 300 yards from the fua ptace z g)obe ^ incE 
i 3. diameter for Mars, ^ • 

At 1040 yards (or fomething more than half a 
mile) place a globe near 6 i inches diameter &r Ju<* 
piter v. 

At I ^ mile from the fun &t up a globe 5 incheit 
diameter for Saturn, 1^ • 

Again, at near 2 feet diilance from the earth feC 
tip a globe 4- inch diameter for the moon, ]» ^ 

And at the refpe&ive diilances if> 2» 3t9 d^ 
feet from Jupiter, iet up 4 little ^obei Ukc the 
itioon for the Satellites of Jupiter* 

And at the diftances 2, 2 4^ 3 t) 89 25 feet from 
Saturn rcipeftively, fet up 5 other little globes like 
th^ moon, for the Satellites of Saturn* 

And thus you have very nearly the true propor- 
tion of all thefe great bodies to one another, and 
to tjieir refpedive diftances from each other, asr 
they are in the heavens : which therefore is a true 
rcprefentation of the folar fyftem. Where note an 
inch reprefentis 10,400 miles, and a yard 370,000 
miles, in round numbers. 

Now fuppofe feveral large circles to be drawn 
thro* the places of the bodies Jiy V, *,®, ?, 
and \l , whofe common center is the Q. And 
^ imagine thefe bodies txs be carried about the fun 
in thefe circles, by feveral men. And let each of 
thefe men move in hiff proper circlfe, with his left 
hand towards the fun, and with fuch a motion, as 
* to w^lk fo many miles in a minute, viz. 9 35,. 
$24, e 21, S 167, 119, TiG^. By this means 
the earth will move round xhe fun in an hour, 
which here reprefents a year-, and the others in 
proportional times, according to their ieveral pe- 
riods. 

Whilft the earth moves in his circle round the 

" fun, caufe the moon to move the fame way, and 

' . nearly 
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nearly in t}ie ikme plane^ ibout the earth, for its Fig, 
center } m a circle 2 foot diftance from it; per- i^« 
forming a fvnp^ic revolution in near 5 minutes. , 

Alfo whiift the earth moves in his. orbitt caufe it 
to revolve about its axis the fame way as it moves^ 
at)oui; the lUn ; fo as to make one rotation in near 
10 feqonds» whiift i(s axis: always remains parallel 
to iifelf; and elevated 23 4* degp^es. 

But we. are not tf> fuppofc^ that thefe bodies m 
die hesiveos are carried in this manner about the 
iun in their proper orbits, bw fome intelligent be- . 
ings that are always to attend them, as thefe bo-« 
dies here defcribed are carried by men. For there 
are two or three laws of nature which perform all 
tiiis. Likewife we here fuppofe all thele bodies to 
move in one plane ; but in die heavens each of them 
moves in a feparate one, but then they are verjf 
little inclined to one another, and may therefore 
be looked upon to be nearly in the fame plane. 
Likewife their leveral orbits are here fuppofed to 
be circles ; but in the heavens, they are elliples 
very near to circles, and therefore may be fuppofed 
fuch: this reprefentation being defigned only to 
give a general idea of the planetary fyflem. 

Lallly, at the diftance of about 300 miles, if 
you fuppofe fome more globes fet up, like the fun ; 
thefe will reprefent fome ofahe neareft fixed ftars. 
For fince the fixed ftars have no fenfible parallax, 
from the annual motion of the earth ; the diftance 
of the neareft fixed ftars, muft be 2 or 3 thoufand 
times more than the diftance of the fun. And 
therefore cannot be lefs than 300 miles. 

Scholium. 

All thefe fcveral diftances being laid out in thcii^ 
true proportions, will give a more iuft idea of the 
iblar fyftemii than any orrery or mechanical machine 

whado^ 



u 
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Fig. whatfocvtr ; tho* thefe forts of machines arc eon- 
13. trived vcr^ well for (hewing their rcfpe^vc mo* 
tions ; but by the fmall compafs they are contained- 
ioy can give no idea of their diftances. And what 
a grand idea muft this give us, of the immenfity - 
of the univerfe ; and of the regular dilpofition of 
all the celeftial bodies^ and the wondernil harmo- 
ny they obferve in their motions ? And nothing can 
be mbre^&blime than the (peculations and difcove* 
ries Which aflronomy affords us, in contemplating 
the fyftem of the wo|id» and the beauty and anar 
logy of all its parts. 



<- . 
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^ronomical Problems ^ depending on the 
Circles of the Sphere \ folved by Cal- 
culation, 



'•mm' 



ALTHOUGH the ccleftial bodies are plac- pjg^ 
ed at different dUtances from the earth ; Ibme 
being vaftly remote, while others are n^rer hand. 
Yet an obferver, living upon the earth, is not fen- 
fible of thefe different diilances \ and therefore he 
imagines all remote obj^ds in the heavens to bp 
{placed in one concave furface, whereof the earth 
whereon he r lives, is the center. Thus the fun, 
moon and ll^rs, feem to. be placed in one and the 
fame concave furface of the heavens, and therefore 
appear all at the fanie diftance from the earth. Upon 
this account aftronomers, for the eafe of calculation, 
liave fuppofed all the ^elellial bodies to be placed in 
the furface of this fphere, while the earth is fuppof* 
ed to be no more than a point in the center of ic. 

Likewife, altho' in reality, the earth turning 
about its axis in 24 hours is the ^aufe of day and 
night ; and its moving thro' the ecliptic or its own 
orbitinavear caufes all thefeafons of the year.: 
yet becaufe all appearances and places of the celef- 
tial bodies will be exa£Uy the fame* whether the 
earth nM>ves and the heavens ft and ftill ; or the 
.earth is at reft, and the heavens move ; therefore 
it is the fame thing in effed whether of them we 
fuppofe to move. Therefore aftronomers chufe to 
fuppofe the earth to be at reft, and afcribe all thefe 
motions to the celeftial bodies, and fuppofe them 
to have the very fame motions which they feem to 
have > ailignihg ho motion to the earth, a$ it feenis 

to 
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Fig. to have none. By this means all thefe reladve mo- 
tions are eafier apprehended, as people are accuif- 
totned to thinlc tnis way ^ and the calculations of 
^ problems of the Ibhere become more fimtiie. 

DBFIfii TION& 
D E F. I. 

14* The Equine ffial or Equator EQ^ is^ a jg;reat circle 
of the Ibhere, which is 90 de^ees diftant &om die 
poles of the wbrld P, p % which aoe aHb tlie poles 
of the equinoftial. P tJie north pole, f the tOMXh 
pole. And Pp* the a^^ of die world* ' tliis circle 
IS made by producing the efitrt^'s equinb6Hal, till 
4t cuts the ftairy heayvn, and its axis b made by pro* 
ducing the axis oif the eardi to the ftars at P and pJ 

This circle diyide^^4ie world into two hemi^>heres, 
<the northern EPQ^ and the fbuthem -fipQ. It is 
called the equinoSial, becaufe when the fun is in it, 
the days and nights are equal all over die world. 
And' this happens twice in the Vean in Mai'ch and 
September. \ ' 

This circle is divided into 360 degrees, b^in- 
ning at the firft point of Aries^ where it inter&£ts 
the ecliptic, and f eckoiied eaftward. The whde 
heavens and all their nirtiiture feem to turn rouiid 
the earth, parallel to this circle, froni eaft to weft, 
in a 4 hours time; 1^ that by the diurnal motion, a 
celeftial body defcribes ^5 degrees in ah hour, and 
15 minutes of a degree in a minute's time^ or a 
degree in 4 minutes. . 

And hence any body pkcied in the equInoAial 
will fcem to defcribe a ^reat circle in the heavens j 
and thofe at a diftance will defcribe Itfler circles, 
which will be the lefs, the nearer they arc to the 
pole. And a (tar which is in the pole, will be at reft. 

This circle belongs originally to the earth, and 
is transferred to the heavens only upon account of 

the 
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the diurnal motion of the heavens, whidi is only Fig* 
go apparent motion in diem. X4« 

The right a&enfion of the fun or a ftar is count* 
^ upon wi^ circk ; and alio the U»igitude of plaoca 
upon the earth. 
'^ D E F. 11. 

The EcUptie KL, is a great circle, cutting die 
tequinoftial EQ^at C, in an angle of 23 4 de^ 
grees, or radier 23 degrees, 29 minutes. Thefe 
points of interieftion are called the equinoftial 
points ; that is, the vernal equinox^ where the fiin 
IS in the fpring \ and the autumnal equinox^ where 
he is in autumn. The points K, L, which are 90 
d^ees ffom the equinoAial points C, are called 
the Sdfiitial Points \ K the Summer SolJiice\ and L 
the Winter So^Hee. The ecliptic is divided into 1 2 
equal parts, called the 12 SignSy and each fign in- 
to 30 di^rees. 

This circle runs thro' the middle of the Zodiac \ 
^nd in the lame circle, the fun feems.to move 
round the earth in a year. For fince the earth is 
carried round the fun, in its proper orbit in the 
fpace of a year ; a ipedator in the fun would fee 
die earth defcribe this circle in the heavens ; and a 
fbefkator in the earth would fee the fun defcribe 
die very fame circle, by its apparent motion. Ail 
die difference is, thefe two 4>^^tors would fee 
the earth and fun in oppofite points of the od^^ 
or in conjunction with ftars, which are diametri- 
cally oppofite^ but the wparent motion will be 
the fame whether ever be iuppoi^d to move. The 
ecliptic is divided by the equator into two equal 
parts, in the equinodial points Aries and Libra. 
And aftronomers begin to reckon from the begin- 
ninjg of Aries, or the vernal equinox, going eaft-» 
ward. The fix figns which He on the north fide of 
the equinodial, are called northern Signs, which be 

r , « , n, «f 1 a.» ^ » ^?^ ^^^f^ fi^ ^.^ the foyth 
fide the equinoftial, are called fouth'ern Signs ; 

which 
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Fig. which are, a, iii, # , v^ r", X. As the begin- 

14. fling of Y and ^, are the equinoftial points; {o 

the beginning of and b* , are the ifoUtitial points. 

Alfo the afcending figns are itf, :r, x, «r, » , n ^ 

and thedefcendingones,2B, a, ^R, a, tn* / . When 
the motion in the ecliptic is made according to the 
order of the Ctgns^ from r to « » and from .b * to 
H , &c. the fame way that the fun feems to move) 
it is faid to be forward or in confequentia. But if 
the motion be the contrary way, from « to «r> 
from Y to K , &c. then it is faid to be backward 
or in antecedentia. 

When two planets, &c. are referred to the fame 
point of the ecliptic, they are faid to be in conjunc- 
tion (whofe mark is <5 ) ; and thofe that' are referred 
to oppofite points, are faid to be in oppojition (the 
mark is 8 ). If they are 3 figns diftant, they arc 
in a quartile afpeA ''o). If 4 figns diftant, a trim 
afpea( a). If 2 figns off, ^fextile (*). Each 
of the figns is divided into 30 parts or degrees; 
and each degree into 60 minutes, &x. like all cir^ 
cles of the fphere. The . fun continues about a 
month in one of thefe figns, and goes through al- 
moft a degree thereof every day. Tho' the fun al- 
ways keeps in the ecliptic ^ yet the planets all de- 
viate therefrom more or lefs, fometimes being on 
the north fide, and fometimes on the fouth. Yet 
they are all contained in the bounds of the Zodiac 
§ince the ecliptic cuts the equinoctial in an angle of 
23"" 29'; therefore the poles of the ecliptic arc 23^ 
, 29^ diftant from the poles of the world. The point 
pf the ecliptic which riles is called the borofcope. 
The higheft point of it is called the nQnagefimal 
degree ; the point in the meridian is the culminating 
f>oi»ty or medium ccelL The oppofue point,, tbe 
imum cali. The cquino6lial and Iblftitial pointy are 
called the foor cardinal points \ and the fourfeafons 
of the year begin with them. The fpring with «r , 

i fummer 
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fummer with cs, aututon wiih ^^ and winter with Fig« 
>:f ; the fun being in them at thefe times. 14, 

The longitude of die fim en: & ftar is counted 
upon this circle. 

D E F- IIL 

Th« Horizon HO, is a grieat eirfrfe, dividing 
the uppet from the lower heihiiphere. This circle 
divides the heavens from tiie earthf ; and its poles 
are Z the zenith^ or the point of the tky over our 
heads ; and N the nadir j . being the point direftl/ 
under our feet. 

TYitJenJibU koriaion^ is the circle round usj where 
the iky feems to touch the eartlfi ^ and is made by 
a plane touching the earth at the point we fland 
on. The rational horizint is that made by a plane 
parallel to tlie former, and palling thro' the cen* 
ter of the earth. But both thefe become the fame 
when extended to the fphere of the fixed ftar^. 

The horizon Ihews the rifeig and fetting of the 
heavenly bodies; and divides the day from the 
night. ' For when the fun or a ftar is in the ho-^ 
rizon, it is faid to be fifing if it comes above it y 
or to htfeiling^ if it goes below it. 'And the time' 
the fun continues above the horiz6n, is called D^* 
And the time it is under the horizon is Night. 

It is plain the horizon is a variable circle, for 
there is a different one for every different point of 
the globe. So that a traveller never keeps the fame 
horizon. 

This circle is divided into 4 quarters or qua- 
drants ; and the points of divifipn are the eaft, 
weft, north and fouth, called the four cardinal points. 
The eaft is where the prime vertical cuts the horizon 
towards fun-rife, and the weft where the fame cir- 
cle cuts it towards fun-fct. The foutb is where: 
the meridian cuts the horizon towards the fouth 
pole ; and the north where the fame circle cuts it 

E towards 



JO ASTRONOMICAL 

Fig, towards the north pole j which to us is the efe*' 

I4« vated pole. 

The azimuth or amplitude of the fim or a ftar 
cs counted upon this circle. And mxm this circle 
are drawn the mariners 32 points of the compafs. 
It b owing to this circle that all the celeftial mo- 
tions become lenfible ; and it is a Ibrt of a ^a^e or 
landmark, whereby to judge of the quantities of 
thefe motions. 

D E F. IV. 

MeridiaHs are great circles as PAj>, palling thro* 
the poles of the world, P, p ; and therefore arc 
perpendicular to the equator EQ. Thefe are alfo 
called hour Circles. And upon the fearth thefe cir- 
cles are circles of longitude, l^pon thefe circles^ 
the declination of a ftar is counted. And the lati- 
tudes 6f places on the earth are counted on thefe 
meridians. 

D E F. V. 

Meridian of a place^ is that meridian which paflcs 
thro* the zenith of that place^ as PZpN. This cir- 
cle paiTes thro* the north and fouth points of the 
horizon, H and^. When the fun is in this circle 
above the horizon, it is noon ; and under the hori- 
zon it is midnigbt. It divides the world into two 
hemifpheres, the eaftern and weftern. Thofe that 
live under the fame meridian have noon smd mid- 
night, and all the hours, at the fame time. ,A tra- 
veller .going eaftward or weft ward, continually 
changes his meridian. The ccleftial meridian. is 
ohly the terreftrial one extended to the heavens. 
Oh this circle the latitude of the place is reckoned 
as EZ, which is equal to the height of the pole OP. 

D E F. VI. 

Vertical Circles zrt great circles as 2BN, paflincr 
thro' the zenith and nadir j and therefore are per- 

pendicu- 
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l^fendkukr to the horizon. The altitude of a ftar Fig. 
is counted in one of thefe circles. 1 4. 

D E F. VIL 

JE^mnoSial Cohre is a meridian PC^, paffing thro* 
the equinodial points at C. This is perpendicular * 
both to the folftitial colure, and to the equinodial. 

D E F. VIII 

• SolJHiial Colure is a meridian PKPL, paflSng thro* 
the folftitial points K, L ; or the points where the 
fun is higheft and loweft in the courfe of the year. 
This is perpendicular to the equinoctial colure and 
to the equino£tial. 

D E F. IX. 

Prime Vertical is that vertical circle ZCN, which 
paiTes thro' the zenith, and is perpendicular to the 
meridian, and to the horizon. This cuts the horizon 
in the eafi and weft points. The eaft being toward 
fun-rife, and the weft toward fun-fct. 

D E F. X. 

Circles of longitude in the heavens^ are great cir- 
cles palSng thro* the poles of the ecliptic R and 
m ; and therefore are perpendicular to the ecliptic. 
The latitude of the ftars is counted on thefe circles. 

D E F. XI. 

The Tropics are two leflcr circles KD, FL, pa- 
rallel to the equator, and paffing thro* the folftitial 
points K and L ; therefore they are 23** 29^ diftant 
from the equinoftial. The north one KD is the 
tropic of Cancer •, the fouth one FL, the tropic of 
Capricorn. When the fun is at the tropics it feems 
to ftand ftill awhile, and then return back. ^ 

D E F. XIL 

The polar Circks are two leiTer circles MR,; mr, 
diftant from the poles P, p, 23*" 29'. The northern 

E 2 one 
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Fig* one MR is the ar£tic circle ; the fouth one mr^ ih# 
14. antar£tic circle. 

D E F. XIII. 

Parallels of latitude^ on the earthy are lefler cir- 
cles KD, parallel to the equinoftial. But in the hea- 
vens, they are lefler circles, parallel to the ecHpric, 
as &T^ 

D E R XIY^ 

Parallels of altitude^ are lefler circles as GI pa* 
rallel to the norizon. 

D E F. XV. 

Parallels of declination^ are leflTer circles {lairaUel 
to the equinoctial as KD. 

D E F. XVI. 

Latitude of a place^ is an arch of the meridian 
contained between the equinodtial and the pkce 
given, as ES is the latitude of S. This is equal 
to the height of the pole above the horizon. 

D E F. XYII. 

Latitudi^ of a Star^^ is an arch of a circle of 
longitude contained between the ftar and the eclip^ 
tic, as KS is the latitude of S. 

D E F. XVIII. 

Declination of a Star^ is aa arch (rf the meridian 
contained. betwjeen> the ftar and the equinodiaL 
Th^ £S is the d^cUaation of S« 

D E F. XIX;. 

Altitude of a Star^ &c« is an. arch of a vertical^ 
circle contained between the ftar and the horizon j 
as VB is the altitude of V. 

D E F. XX. 

Azimuth is an arch of the horizon contained be- 
tween 
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'tween the ftar's azimuth circle, and the north point. Fig, 
BO is the azimuth of V. 14, 

D E F. XXI. 

jimplUude is an arch of the Horizon between that 
|>oint where the fun or a ftar rifes,^. and the eaft or 
weft point. As CB is the amplitude of B. 

D E F. XXIL 

Right Afeenjhny is an arch of the equinoftial 
reckoned from the vernal equinox to the fun or 
liar's meridian. Thus CA is the right aicenfioa 
of V, if it is between C and K 5 or elfc CEA,^ if 
V is beyoad the tropic K. 

D E F. XXIIL 

Afcenfiwd diferenctj is an arch of the equinoftial^ 
between the fun's meridian, and the point of the 
equinodial that rifes with him. Or it is the angle 
at the pole between the /un*s meridian, and the fbt 
o'clock meridian. . ThuSi the afcenGonal difference 
of Y is the arch AC, or the angle YPC. 

D E F. XXIV. 

Oblique Afcenfion or defcdnfion is the fom or dif^ 
ference of die right afcenfion, and the afcenfionat 
difibrenoe. Or it is the diftance from the firft point 
of Aries, to that point of the equator,, that riles ot 
fets with the fun^ or any ftar. 

D E K XXV^ 

Longitude of the Sun^ is an arch of the ecliptic 
contained between the firft point of Aries, and the 
fun •, and that of a Star, contained between the firft 
point of Aries,, and the ftar*s circle of longitude.. 
Thus CX is the longitude of the fun at X. 

D E F. xxyi. 

Longitude of a Piace^ is an arch of the equator 
between the firft meridian, and the meridian of the 

E 3 place:. 



L. 
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Fig. place. And difference of Icfigiiudsj is the angle at 
1 4. the pole between the meridians of two places. As 
APG = dif. longitude of A and G. 

D E F. XXVIL 

Hourofjbe ^ayh an arch of the equinoftial be^ 
tween the meridian of the place, and the fun's me^- 
ridian. As if the fun be at A, then A£ is the hour 
at the places S, K, E, G, &c. 

AH altitudes, azimuths, amplitudes, &c. and in 
general all diftances relating to the iphere, are mea- 
fured by degrees, and minutes, as explained in the 
trigonometry. In folving any Problems of the Iphere, 
there is no occafion for drawing the whole fphere ; 
it will be fufRcient in moft cafes to draw only a tri- 
angle or fuch a part of it, as contains the condi- 
tions of the Problem, And then all the following 
Problems will be folved upon this hypothefis, that 
the earth {lands flill, and that all the celeftial bo^ 
dies are in motion. The folution of Aftronomical 
Problems is only the application of Spherical Tri- 
gonometry to Aftronomy. 

P R O B. I. 

* 

J 5. Given the place of the fun in the ecliptic \ to fini 
his right afcenfim and declinatian. 

Let CGB be the ecliptic,, C A the equinofkial, C 
the vernal equinox, G the place of the fun, and 
GF a meridian paffing thro* the fun. Then CF is 
the right afccnlion, and GF the declination. In 
all thefe Problem^, we fuppofe the angle GCF,^ 
which the ecliptic makes with the equator, to be 
given, which is 23° 29'. Then in the right an- 
gled fpherical triangle CGF, there is given CG the 
Jin's longitude, and angle GCF the obliquity of 

the 
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the eclipitc. Therefore by Cafe L of right angled Fig*: 
fphericaL triangles^ to find CF^ i,5.> 

Radius : 

Gef. obliq. eclifjtic GCF : r 

Tan. fun's longitude GG :. 

Tan. right afcenfion CF.. 
And by Cafe 2. to find GF.. 

Radius : 

S. obliq. ecliptic GCF : : 

S. fun's longitude CG : 

S. declination GF. 
If the fun's longitude be greater than a quadrant^ 
his right afcenfion- wiH'be io too ; but his declina- 
tion never exceeds 23P 29': Alfo if the fun be in* 
the northern figns, his declination will be north; 
if he.is in the fouthern figns, his declination is foutlt; 

Cor. If eitber iba rigbt afcenfiin or declination ber 
giveny tbe Jun*s longftude^. or bis place in tbe ecliptic^, 
may he founds by cbanging tbe proportion^, or morking^ 
iLbackvxards^ 

P R O B- IL 

^bere is given tbe furCs declination^, to find bis., 
right. afcenfion^ 

In the right angled" triangle CFG, there is givcnr, 
FG the declination, and angle C the obliquity o£ 
the ecliptic; to find CF the right afcenfion. Bj^ 
Cafe 10. of right angled ipherical triangles, 

Radius : 

Cotan. obliquity of the ecliptic GCF : :; 

Tan. declination FG : 

S. right afcenfion CF. 
HereCF may be either Icfs or greater than.aqua^ 
drant. 

Cor. If tbe rigbt afcenfion is given j tbe declination 
way be founds by working tbe proportion backwards. 

E 4 PROR, 
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Fig- 
^ P R O Bv HI. 

1 6, Given the latitude rf the pkce^ W the fufis if- 
clination \ to find bis ^^fco^fional dfjjirms \ and bis 
fifing and fetting. 

Let CB be the horizon, CA thf <$quifl6AiaU 
DB the fun's parallel, S the fgn's p)ac0 at riifin^, 
CD the fix o'clock meridian 5 AB t w fen's meri- 
dian at rifing. Then the angle DCB is the latitude, 
and ACB the complement of the latitude. And 
CD or AB is the declination. Then in the right 
angled fpherical triangle CAB, there is gtv^a the 
angle C, and fide AB, to find the fid^ CA. There* 
fore by Cafe 10. of right angled fph^ical triangles^ 

Rad : 

Tan. latitude DCB ! : 

Tan. declination AB : 

S. af. difference CA. 
Then the afcenfional difference is to be turned into 
time, allowing 4 minutes of time to i degree ; and 
that will be the time the fyn rifts before 6 if 
it be fummer, or after 6 in winter. 

Cor. I . And if tbe lat. and af. difference he given j 
the decKnation may U fcund^ hy working the frcpor^ 
tion backwards. 

Cor. 2. When fiin-rifing is fwnd^ donik it and it 
gives the length of tbe night ; and double the time of 
fun-fety for tbe length of tbe day. 

P R O B. IV. 

Having the latitude of the place^ and tbe fun^s <&• 
clination to find bis amplitude. 

Let CB the horizoa, CA the equinoftial, B th^ 
fun^ BA or CD his deciinKion, angle ACB the 

comr- 



r 
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cofnpktncnt of the latitude. Then in the right Fig, 
angled fphcrical triangle CAB, there is given the i^* 
angle C and fide AB, to find the hypothenufe CB. 
Therefore by Cafe 12; of right angled fpherical 
triangles, 

Cof. latitude : 

S. declination AB : : 

Radius : 
" S. amplitude CB. 
If th^ declini^tioA 1% north the amplitude is north i 
andiif fouth, itisibuth. 

Cor* I. If the laiitude and amplitude he given \ ibt 
dectination may he found hy the fam^ proportion. 

Cor. t. If the declination and amplitude he given i 
the latitude may he found hy working hackwards. 

P R O B. V. 

Given the latitude of thephee^ and the fun* s decli* 17. 
n^hn % to find his altitude when eaft. 

Let HC be the horizon, EC the equinoftial, S 
the fun, HES the meridian paffing thro' the fun^ 
CS the prime vertical. Then ES is the declination, 
and EC the afcenfional difference, CS his altitude 
eaft, and < ECS the latitude. Therefore in the 
right angled fpherical triangle CES, there is given 
the fide £S, and the angle ECS, to find^^e hy- 
pothenufe CS. Therefore by Cafe 12. of right 
angled fpherical triangles, 

S. lautude ECS : 

S. declination £S : : 

Radius : 
' S. altitude when eaft, or iijreft CS. 

Cor. 1* If the latitude and altitude eafi^ he given \ 
the deitindtion may be founds by the fame profortien. 

Con 
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Fig. Cor. z. If the declinatfcn and altitude eaft^ h^ 
1 7. given \ the latitude may be founds kf winking backr^ 
wards. 

P R O B. VL 

1 7. Having given the latitude of the place^ and the^ 
fur! 5 declination \ to find the time when he is eafi. 

Let HC be the horizon, EC the equinoftial, S 
the fun's place, HES the fim*s hour circle, and 
CS the prime vertical. Then the angle ECS is 
the latitude, ES the declination, CS the altitude- 
vrhen eaft, and EC the afcenfional difference. There- 
fore in the right angled fpherical triangle CES ^ 
there is given the fide ES^ and the angle ECS \ 
to find the fide CE. Whence by Cafe 10. of right 
angled fpherical triangles, 

Radius : 

Cotap. latitude ECS : : 

Tan. declination ES : 

S. afcenfional difference EC. 
This converted into time, allowing 1 5 degrecr 
to an hour, and i degree to 4 minutes, (hews how 
long it is after 6 in the morning, or before 6 in^thc 
evening, when the fun is eaft or weft. 

Cor. I. If the latitude and time when the fun is 
eaji be given, the declination may, be foundj^ ky work- 
ing backwards. 

Cor. 2. If the declination and time or afcenf. dif^ 
ference be given -, the latitude may be found, by vary-- 
ing the proportion. 

P R O B. VtL 

18, The latitude of the place, and fuff s detUnation be^ 
ing given', to find his altitude at 6. 

Let CO be the horizon, CS the 6 o*clock meri- 
dian, AC the prime vertical, S the place of the 

fuuj. 
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fun, AS his parallel of altitude, OS Ms vertical Fig. 
circle. SCO the latitude of the place. Then in i8.* 
the right angled fpherical triangle COS, there is 
given the hypothenufe CS and angle OCS, to find 
the fide OS. Therefore by Cafe 2. of right an- 
^ gled fpherical triangles, 

Radius : 

S. declination CS : : 

S. latitude OCS : 

S. altitude at 6, SO. 

Cor. I. If the latitude and altitude at 6 be given^ 
the declination may be founds by varying the proportion. 

Cor. 2. If the declination and altitude at 6 be 
given ; the' latitude mof be founds by working tbepro^ 
portion backwards. 

P R O B. VIII. 

ne latitude of the place^ and the futis declination ' ^^ 
ieing given ^ tofnd bis azimuth at 6 0* clock. 

] Let CO be the horizon, S the fun's place, CS 
the 6 o'clock meridian, SO the fun's vertical cir- 
cle, angle SCO the latitude; then CO is his azi- 
muth at 6\ Therefore in the right angled fpheri* 
cal triangle COS, there is given the declination 
CS, and angle SCO, to find CO. Therefore by 
Cafe I • of right angled ipherical triangles, 

Radius : 

Cof. latitude SCO : : 

Tan. declination CS : 

Tan. azimuth at 6, CO from the eaft. 
Then the azimuth from the north is readily found. 

Cor. I . If the latitude^ and fuifs azimuth at 6, 
he given \ the declination may be founds by working 
backwards. 

Cor. 
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Fig. Cor. a. If the fun* s declination^ and azimuth at 5 
18. he given \ the latitude may be founds by the fame fr a-- 
portion. 

P R O B. IX, 

x6. <tbe latitude of the place j and tbefun^s amplitude 
being given j to find the afcenfiond difference. 

Let CB be the horizon, CA the equinodtia], B ^ 
the place of the fun, AB hi^ hour circle, BC A the 
complement of the latitude^ Then in the right 
aisled fpherical triangle CAB, there is givea the 
angle ACB, the hypothenufe CB the amplitude ; 
to find the fide CA or the afcenfional difference.. 
The reform by Cafe i. of right angled fpherical tri*^^ 
angles, 

Radius : 

S. latitude DCB : : ^ 

Tan, amplitude CB : 

Tan. afcen. difference CA. 
Then CA turned into time allowing X5idegrees to 
'an hour, and i degree to 4 minutes, gives the time 
the fun rifes before 6 in fummer, or after 6 ia 
winter. 

Cor. \. If the latitude of the flace^ and the af^en* 
fional difference be given^ the amplitude maj be found 
by working backwards. 

Cor. 2. If the amplitude and afc. difference bo- 
giveny the latitude may be found by the fame proportion^ 

P R O B. X. 

1 6. The fuffs amplitude and declination given i to find 
his afcetifiottal difference. 

Let CB be the horizon, B the fun's place, BA 
his hour circle, CA the equinoftial. Then CB is 

the 
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the amplimde^ AB the declination^ and AC the af- Fig« 
cenfional difference. Therefore m the right »gkd i6. 
Ipherical triangle CAB, there is given the hypothe- 
aafe CB^ and the declmatioa AB $ to find the af- 
ceafional diflncrence CA. Therefore by Cafe 6. of ^ 

right angled fpherical triangles, 

Cof. declination AB : 

Cof. amplitude CB : : 

Radius : 

Cof. afc. difference CA. 
The afceniional diiFerence converted into ttn>e, al- 
lowing 1 5 degrees for an hour ; {hews how long 
the fiin rifes before 6 in fummer^ or after 6 ia 
winter. 

Cor. 1. If thtfiitfs detUnafiony and tbt afcefffional 
dfference^ be given*, his amplitude meg be foundy by 
the fame prdpcrfim. 

Cor. 2. If the ampiitude^ and the afcmfional dif^ 
ference be given ; the decUnaiiw mMy. be^ founds bj 
ivorking backwards. 

P R O B. XL 

Having given the latitude of the flace^ and thi > S. 
fun*s azimuth at 6 o^£lock ^ toj^ his altitude. 

Let CO be the horizon, CS the 6 o'clock hour 
cicde, Sthe fun*s place, SO the fon's vertical cir- 
cle. Then OCS.is the tedtude^ CO the fun*s azi- 
muth from the eaft at 6, and OS his altitude at 
that time. Therefore in the right angled fpherical 
triangie'COS, there is given the fide CO, and the 
angle OCS ; to find the fide OS. Then by Cafe 7. 
of right angled Ipherical triangles, ' * 

Radius : 

S. azimuth CO, from the eSft : : 

Tan. latitude SCO : 

Tan. altitude at 6, OS. 

Cor. 
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Fig. Con 1. If the latitude and altitude at (k be given ; 
18. the atimutb may be founds by the fame proportion. 

Con 2. If the altitude and azimuth at 6 be given ; 
the latitude of the place may be founds by working 
backwards. 

P R O B. XII. 

;^7- Given the latitude of the place^ and fun^s altitude 
when eafti to find the afcenjional difference^ or the hour. 

Let HC be the horizon, SC the prime vertical, 
EC the equinoctial, S the place of the fun, SE 
his hour circle. Then angle ECS is the latitude, 
SC the fun's altitude when eaft, and EC the afcen- 
fional difference. Therefore in the right angled 
fpherical triangle ECS, there is given the hypothe- 
nufe SC, and the angle SCE ; to find the fide EC. 
Then by Cafe i . of right angled fpherical triangles, 

Radius : 

Cof latitude ECS : : 

Tan. altitude eaft SC : 

Tan. afc. difference EC. 
This turned into time, putting 4 minutes for^very 
degree, gives the time after 6, when the fun is eaft \ 
or before 6, when weft. ^ 

. Cor. I . If the latitude ^ and the hour^ or afcenfional 
difference be given \ the altitude when eaft or weji may 
be foundy by varying the proportion. 

Cor. 2. If the altitude eaft^ and the afc. difference 
be given ; the latitude may be founds by the fame pro-- 
portion. 

P R O B. XIII. 

1 7. Given the furfs declination and hi{ altitude when 
eaft ; to find the time, or the afcenfional difference. 

Let HC be the horizon, EC the equinoftial, S 
the place of the fun, SC the prime vertical, SE 

the 
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the fun's meridian • then <i SCE is the latitude. Fig. 
SE the declination, SC the altitude at 6, and EC 1 7, 
the afcenfional diflference. Then in the right an- 
gled fpherical triangle 5CE, there is given the hy- 
pothenufe SC, and fide SE ; to find the fide C£. 
Therefore by Cafe 6. of right angled Ipherical tri« 
angles, 

Cof. declination SE : 

Cof. altitude eaft SC : : 

Radius : 

Cof. afc. difierence CE. 
Then C£ turned into time, allowing 1 5 degrees to 
^n hour^ &c. gives the time after 6, when the fun 
i3 eaft ; or before 6, when weft. 

Cot. I. If the fun^s declination^ and the time be is 
eq/iy be given 'f bis altitude maybe founds by the fame 
proportion. 

Cor. 2. If the funis altitude when eaft^ and the 
time be given ; his declination may be founds by work- 
ing bachivards^ 

P R O B. XIV. 

Having the fuffs declination given^ and altitu/de at 18. 
6 s to find bis azimuth. 

Let CO be the horizon, CS the 6 o'clock hour 
circle, S the place of the fun, SO his vertical cir- 
cle. Then angle SCO is the latitude, CS his de- 
clination, CO the complement of his azimuth, and 
SO his altitude at 6 o'clock. And in the right an- 
gled ^herical triangle CSO, there is given the hy- 
pothenufe CS, the fide SO ; to find the other fide 
CO. Therefore by Cafe 6. of right angled fphe- 
rical triangles, 

Cof altitude at 6, SO : 
Cof. dccli/iation CS : : 
Radius : 
. Cof. azimuth at 6, from tiie eaft, CO. 

Cor. 
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Fig« Cor. I. If the dictina$hn and azmuib at 6 h€ 
28. given \ the altitude at 6 nu^ btfmmd^ by working 
tie proportion backwards. 

Con 2. If tie altitude and aztmutb at 6 be given y 
the declination ma^ be founds by the fame proportion. 

P R O B. XV. 

ip. Given the latitude^ and time of the day^ and the 
fun in the equinofHal % to find bis altitude. 

Let AC be the horizon, CS the eq[uino6Hal, S 
the fun's place^ SA the futf s vertical circle. Then 
ACS is the cotnpiemcm of the latitude, AS the 
fun*s altitude, CS the arch of the eiqmnodial cor- 
r^fponding to the ttme from 6 o'ctock ; v^hich is 
known by reducing the tione from 6, ia^ito degrees, 
allowing 15 degrees for an hour. Then in the 
right angled fpherical triangle ACS, there is given 
the hypothenufe CS, and angle C ; to &id the fide 
AS. Therefore by Cafe a. of right angled %hefi» 
cal triangles, 

Radius : 

S. hour areh from 6;, CS : : 

Cof. latitude, comp. C : 

S. altitude AS. 

CcK. I. If the latitude offd altitude be gioen ; tbe 
time may be found by tbe fame proportion. 

Cor. 2 . If loth the time^ anifuris attitude be given i 
the latitude may be foundj by workit^, tbe proportion 
backward. 

P R O B. XVI. 

i^. Given tbe latitude and time of thr dayi and tbe 
fun in the equator ; to find bis azimuth. 

Let AC be the horizon, CS the equinoAial, S 
the fun's place, and S A his vertical circle. Then ACS 

is 
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is the compbment of the latitude, AC his azimuth Fig. 
from 6, CS the arch of the equino&ial correfpond^ 19. 
ing to the time. Then in the right angled fpheri- 
cal triangle ACS, thci*e is given the hypothenufc 
CS, and angle C ; to find the fide CA. Therefore 
by Cafe 1 . of right angled iphef ical triangles, 

Radius : 

Sine, latitude (comp. C) : : 

Tan. hour arch from 6^ CS : 

Tan. azimuth from 6, CA. 

Cor. t. J^ ihe latitude and azmuib hi given^ the 
fun being in the equator i the time may be fnmd^ by 
working backwards. ^ 

Cor. 2. If ihe aasimutk and time h giwni the la- . 
titude marl be founds by the fame frofortion. 

, P R O B. XVIL 

Gi'Oen the latitude^ and fuffs attitude^ being in the i^« 
equator % to find bis azimuth. 

Let AC be the hori^n^^ CS the equincyftial, S 
the fun's place, SA his vertical circle. Then ACS 
is the complement of the latitude, AS his altitude^ 
AC his azimuth from 6. Therefore in the right 
angled fpherical triangle ACS, there is given the 
angle C, the fide AS % to find the fide AC. Whence 
by Cafe 10. of right angled fpherical triangles, 

Radius : 

Tan. latitude (comp, C) : : 

Tan. altitude AS a 

S.. azimuth from 6, AC. , 

Cor. I. If the latitude and a^^muib be given \ the 

altitude may be founds by working backwards. 

. * * 

Cor. a. If tbefun^s altitude and azimutb begiven^ 
being in the equinoSial -, the latitude may be founds by 
the fame proportion. « - 

F PROB. 
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^^' p R o B. xvin. 

14. Give^ (be latitude of the plqce^ and Jun*s meridian 
akitude ; to find its declinafipn. 

Let GH;be thf altitude df the (un, HE t^e com.- 
plcmeht of the latitude, or the height qf the equa- ' 
tor. Then ftibtr^ the Icffer altitude from the 
greater^ and the ren[iaindcr GE is the declination. 
And the declinatiop will be north, whqn tne height 
t)f the fun is greater than the complement of the 
laj;ii:p4«» * b\« fbmb» if Icffer. A» is evident by 

Cor. If the ftiCs meridian dfitude he given^ and 
bis, 'deiilini^m%\ tieJatdude may bcfattnd^ . by ibs com- 
verk ef ibi$^ 

P R O B. XIX. 

To jf«^.<J/ w&^/ bci^ ^gjf particular ftar ^mes k^- 
^n tie miridian^ otiti given d^Q. 

This is pjnlbrtaedby/tl^e. tables of thei i^t 
^feenfiqn^ andof^the ft»3^ Find the n^ta&eft* 
%n «f the; fun, and of thfe giyea ifar, jn thciia- . 
' i>les; and iitlbtrtSt the right afcenfiooi p£ the : fuh . 
fcs^ni the: right af^enfiotf of, the. ftar^ adding 24 
hours or, ^^ degrees, sheathe ftar is Ids, Anfl 
the rpmajncteir is. th(i difference of the right zksa^. 
fions, or^he time of the liar's fouthing, from noon* 

If this difFeftencc of th^ right afcenfions is had 
in degrees ; it is eafdy tamed into time, adlowing 
f 5 degrees to an hour. 

P R 6 B. XXv 

Tbe daji and boHT being given \ to find w^f j^^r- 
* k fouth at that time. 

In the table of the fun*s rieht afcenfion, find hia 
light afcenfion for the given day. To riiis add the 

given 
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given hour reckoned from noon, if the right af> Fig. 
cenfion be for^ti&e. Bik if the right afcenGon be 
for degrees, reduce that time to degrceSji and add it 
to the fun*s right afcenfion : the fupi wili be the 
right a&enfion of fome ftar. Therefore look for it, 
in the table of the ftar's right afcenfipn ; and againft 
k, or the netfreft to it, you will ^(id.what ftar it is. 
Nbfe^ you muft thrpv aw^ 24 hour§ or 3^0 de- 
grees, wii€n thefaid futt exceeds tjiat 

Scholium* , 

In the foregoing proBlems we . haye only liad rm 
gard to the fun's motion 1 hut in moft erf jthefe 
problems, the folutions hold equally trup lor any 
ftarol^ othcr^ ob^eSi. Likewii^ w^at i» ftt^- ^out 
the eaft points of the horizon, as the amplitude, al- 
titude, &c. belongs equaHv to the weft points. I 
i&ali nbw ni-occed %6 the foiution of fubh problems 
of the i^eit asi depend on oblique i|)hericaf trian* 
0es. 

P R O B. Xti. 

Having given the l^itudt (f /be pUcij tbefuifs Je- 2<^ 
cUnation^ and aUitudt ; tojind bis: OTamuthi dki time 
^f obfervation^ and angle ef pofiHou ZSP; - 

Lex MZP bcthe^ mfefidian, Z the zemtH, ? the 
pole, S the place of the fun, ZS hv&V'^nK^ cir- 
cle, PS his meridian. Then ZP is the coitiplement 
dF latitude, SP the complement of declination, and 
SZ the complement of altitude ; SZP the azimuth, 
and ZPS the hpiir angle from noon, and ZSP the 
angle of pofition. TherefQfe in the oblique Iphe- 
rical triangle ZPS, there is giyen the fides ZP, SP 
and SZ ; to find the angles SZP, SPZ> and ZSP, 
Therefore by Gafe 11. of oblique fpherical trian- 
gles. 

V z I. For 
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^^* I. For the azimtb SZP. 

S.ZS X S.ZP : 

Radius fquare : : 

S SP + ZP — ZS ^Q SP + ZS — ZP , 

Sme fquare of 4^ SZP. 
Then Y SZP will be known, which doubled gives 

SZP the azimuth. 

« 

2. For the angle ZPS. 

S.PZ X S.PS : 

Radius fquare : : 

o ZS + ZP — PS ^ « ZS + PS — ZP. 

2 a 

Sine fquare of half ZPS. 
Then i ZPS being known, if it be doubled it 
^ives the whole angle ZPS, which reduced into 
time, counting 15 degrees for an hour, gives the 
time from noon, that this happens. 

J, For the at^le of pqfition ZSP. 

S.SZXS.SP: 

Radius fquare : : 

c; ZP + ZS — SP ^ cs ZP + SP— ZS , 

2 ' 2 

Sme iquaixs of ^ ZSP. 
That angledoubled gives the angle of pofition ZSP. 

P R O B. XXIL 

Given the latitude of the place j and tbefun^s de- 
etination oftd azimuth ; tc find bis^ altitude^ and hour 
of ohfervation. 

Let MZP be the meridian, S the place of the 
ilwi, ZS his vertical circle, PS his hour circle. 

Then 
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Then in the oblique fpherical triangle ZPS> there Fig, 
is given the complenment of latitude ZP, the com- 20. 
plement of declination SP, aad the azimuth SZP ; 
to find the altitude or its complement ZS, and the 
angle ZPS, Therefore by Cafe 1. and ^ of oblique 
fpherical triangles, 

I. For the altitude or its totn^&ment ZS^ 
by Cafe 1, S.SP : 

S.ZSP the anjgle of pofition. 
Then by Cafe 3, for obliques, 
' ZPS — ZSP . 

„ZPS + ZSP.. 

z 
Tan. 4: ZS, which, doubled gives ZS the 

f omplenau^n£ of the altitude^ 

2. For fBe angltZPS.^ 
Find the angle ZSP as before^, then by Caft xi 
qf obliques, 

eSP + ZP... 

2 

Tan SZP>"ZSP \ 

Cot -£ZPS, which doubled gives ZPSr 
this angle reduced to time, allowing 1 5 degrees to 
an hour,, ihew^ the hour from 12. 
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^^S* JP R O B. XXJIL 

20. Chin the l^titude^ futfs decUtiationy and b^ttr pf 
tie day i U find the altitude and dzimuth. 

t^aving the hour from noon^ reduce k into de- 
grees, allowmg 1 5 degrees tQ ari hour, then you 
have the hoiir angle. ^ 

Let MP be the meridian, S tli^ fun's plac^j 5^ 
his vertical circle, and SP his hour circle. 

1 hen in the oblique i^herical triangle ZPS, there 
is given ZP the complement ti latitude, SP the 
complement of the funV declination, and ZPS the 
hour angle; To find ZS and angle P2S. Let fall 
the perpendicular SM. Then by Cafe 7, of 
oblique triangles. 

i« For the azimuths 

Radius : * 

Co£ hour angle ZPS s : 

Tan. PS the co-dcqlination : 

Tan. PM. 
Then PM — P?^ or the diffwepce of PM and PZ 
)s = ZM* Then 
^ ' S.PM : / 

S.ZM : : 

Cotan, hour angle SPZ : 

Cotan. PZS the azimut^. 
Then if PM be lefs than PZ, SZP is of the fame 
afiedtion as SPZ, otherwife of 4^^^^^^^ afTe&ion. 

2. Por thet altitude. 

Find the azimuth as before j then by Cafe 8, of 
oblique ^h^rical triangfes, 
S. Azimuth PZS : 
S.PS the co-declination : : 
S.hour angle ZPS : 
S. co-altitude CS. 

JPROB. 
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PROB. xxm ^^^" 

6/w» the- latitude of the placeytbefunUaliUude and ao*. 
azimuth v /^ J?»i ^^^ declinatifiHy and hour of the day. 

Let PM be the mcrjdiaij, Z the zenith^ P the 
pole^ S the fuo, ZS his vertical circle,. PS his hour 
circle. 

Thea in the fphcfioat mangle ZPS, there is. 
given ZP the co-latit;udfe; ZS the co-altitude, and? 
PZS the azimuth. To fiiid the fide PS and angic: 
ZPS. 

Let fall a perpendicular SM upon PZ, then b^ 

Cafe 8v of dmique fpherical triangles,, 

, .' • ». . 

I. Ew tbit dtdmation^ . 

Radius t: 

Cof. Aaimuth PXS.: :• 

Tan. coraltitude ZS : 

Tan.ZM. Then PZ + 2M' =: PWl 
ThcnCoCZMt 

Cbf. co<aItitade ZS :. t 

Gof. PMt 

Cof^ co-deelinatioB- PS,:or the Cue of the de- 
clination* ... 

2. For the hour. '' 

Find thebafe 2^ as befbrei then bj^ Cafe j^ 

S.ZM : 

SiPM :> 

Ck aziiiiinh\P^S.r 

Cot. hour angle ZPS. 
Then the angle ZPS being turn^ into time^ reck? 
oain'^ 15 degreea to an honvy fhews the uihe itoafk-i 
ndbn. 

p r: b: x: 

H^vinQ^given fh latitud^, ibt fun*S[altitisdi^y, andi 2OU. 
it e hour \ to find hh declination: and azimatb. 

Let PZN| be the meridiawig 2i the s^enith, P the 
pole,., ZP^the complement, of the latitude,, ZS his 

F 4 coraltir 
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Fig. CO- altitude, PS hi$ co-dcclinatiQn, PZS hisazimuth^ 

2Q. and ZPS the hour angle. 

Then in the oblique fpherical triangle ZPS, there 
is given PZ, ZS, and angle ZPS by turning the 
tim^ into degrees ; to find PS and angle PZS, 

I. For the dectination. 

By Cafe i, of oblique Ipherical triangles, 
S. co-altit|Lidc SZ : 
> S/hoi^r angle SPZ : 2 
S. con>p. latitude ZP : 
S. ZSf ; then 

by Cafe 3, S- \: diff. angles ZPS and ZSP t 

S. 4. fum of ZPS and ZSP : : 
Tan. \: diff. fides ZP and ZS : 
Tan. i PS, which doubled is PS the 

complement of the decimation. 

2. For the azimib. 

Find the angle ZSP as before. Then by Cafe 2» 
S. i diff. of the fides ZP and ZS 2 
S. i fum of the fides ZP and ZS : : 
Tan. I diff. angles ZPS and ZSP : 
Co(an. T PZS, which doubled is PZS the azimuth; 

P R O B. XXVI. 

j^^ Given the latitude of the place, the futfs. azimuth 
' and hour of the dqy\ to find his declination and al- 
titude. 

Let MP be the meridian, % the zenith, P the 
pole, S the fun ; then ZS is the fun's vertical, and 
PS his hour circle. Therefore, 

In the oblique ^erical triangle ZPS, there ia 
given the fide-^?fP, and the angles PZS and ZPS ; 
to find PS and ZS ; for the time from noon being 
turned into degrees gives the angle ZPS, 

^ ^ Then 
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Then by Cafe 9, of oblique fpherical triangles^ Fig. 

Cof. i fum angles PZS and ZPS : ao. 

Cof i cliff* angles PZS and ZPS : : 

Tan. 4- comp. latitude PZ : 

Tan. 7 fum of the op. fides PS and ZS. 
Alfo S. i fum angles PZS and ZPS : 

S: T difF. angles PZS and ZPS : : 

Tan. Y comp. latitude PZ : 

Tan. i diff. oppofite fides PS and ZS. 
The fum of that j- fum and 4- difference, gives 
the greater fide, or that oppofite to the greater an« 
gle; and their difference gives the lefier fide, or 
that oppofite to the leffer angle. And thefe are 
th^ complements of the declination and altitude* 

P R O B. XXVII. 

^be fuifs declination^ aUiiude^ and azimuth being 20. 
given^ to find the time of ohfervation^ and latitude of 
the place. 

Suppofc MP the meridian, Z the zenith, P the 
pole, S the fun, ZS the co- altitude, PS the co-de- 
clinatibn. SZP the azimuth, ZPS tlie hour angle, 
ZP the- co-latitude. Therefore, 

In the oblique fpherical triangle ZPS, there is 
given the fides SP and SZ, and angle PZS \ tD 
find the angle SPZ and fide ZP, 

I. For the time., 

3y Cafe I ft, of oblique fpherical triangles, 

S. comp. declination SP ; ^ 

S. azitouth SZP : : 

S. comp. altitude SZ : 

S, hour angle ZPS. 
Then ZPS reduced to time, counting 15 de- 
grees to m hour, gives the time firom noon. 

2. For 
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j^* 4. Fff the latitude. 

The angle ZJiPS being foiihd, thfctt bf Cafe ad* 
S. t diff. ZPS and PZS : 
8. f filth, ZPS and P2S : t 
Tan. t diff- fi*is SP and SZ : 
Tan. f ZP ; then' this doubled gitcj ZP the 
complement of the latitude. 

PA o B; ixviii. 

20. 7'i{^^ y^/iV iecBnatigiij Mtude and h&nr $f ihi dajt 
hmg gi*^fty $0 find bis azimktbj and ihi latiiude pf 

the place ^ 

Let MP be the meridian of the place, Z the 
zenith, P the pole,^ S the fun, ZS his vertical cir- 
cle, PS his hour circle. 

Thtn in the oblique fpherical triar^le SPZ^. 
there is given the fides SP, SZ, and angle SPZ ^ 
to find the angle PZS and fide ZP. 

I* F^r the azi^uib. 

By Cik ift, of obKicjue fpherical triangfe^ 
S. complero. altiwd* ZS : 
S. h6ur angte Z?S : t 
S. totnp. decKnatkm SP : 
S. azimuth PZS, which niijr he greater tlttft 
a right angle. 

i. For the kiitude. 

Hiving foutfd the angle P2tS i thtti by Cafc ^4^ 
S. t diffi angles SPZ and S2;P : 
S. t fum, angles SPZ arid SZP : t 
Tan. i diff. fides SP and ^Z : 
Tan. t ZP, which doubled ^VCfS thd CQmpfe» 
mint of the latrtude ZP^ 

PROR 
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Fig. 
P R O B. XXIX. 

Tbefun^s decMation^ his azimuth^ and hour of the 20. 
di^ being given ^ to fnd bis altitude^ and the latitude 
ef she place. 

Let MP be the meridiw, Z the zenith, P the 
pole, S the fun, ZS his vertical, PS his meridian. 
Then in the oblique Ibherical triangle ZPS, there 
is giveh SP (the co-declinatibn), SZP (the azimuth), 
and ZPS (the hour angle) ; to find ZS, and ZP. 

- • 

1. For the altitude. 

^ Hy Cafe 4th, of oblique fpherical triangles^ 
S. azimuth SZP : 
$• co^declination SP : : 
5. hour angle ZPS : 
S. co-altitudc ZS. 

2. For the latitude. 

. leaving found the co-altitude ZS as before ; hf 
Cafe 5th, ' 

5. f diff. angles PZS and ZPS : 

S. t fum» angles PZS and ZPS : : 

Tan, t difF. fides PS and ZS : 

Tan. t PZ, which doubled ^ives PZ the comr 
]plement of the latitude. 

P R O B. XXX. 

. Having given, the Jun\ altitude^ and his azimuth^ *of 
and the houf df the day ; to find bis declination^ and 
the latitude of the place. 

Let MP be the meridian, P the pole, Z t!j* ze»- 
nith, S; the fiin^s^Iace, PS his hour circle, 2S his 
vertical circle. Then SZ is his comp, of altrtudc, 
SZP hk azim\jth, ZPS his h6ur angle, PS the 

CQmp- of dec&nation, ZP the comp. latitude. . 

Then 
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Fig. Then in the fpherical triangle ZPS, there it 
20. given the fide 2S, and the angles PZS and ZPS» 

by reducing the time to degrees ; to find the fides 

SP, and ZP. 

I. For the decUnation. , 

We Ihall havej^ by Cafe 4th:^ of oblique fpheri- 
cal triangles, . ^ 

S. hour angle ZPS : 
S. co-altitude ZS : : 
S. azimuth PZS : 
S. co-declination SP» 

2. Foribe latitude. 

Having found PS as before, th^n by Cafe 5th^ 
S, t difF. angles PZS and ZPS : 
S. 4- fum, angles PZS ind ZPS : : 
Tan. 4 diflF* fides PS and ZS : 
Tan. 4 ZP, and doubled gives ZP the com^ 
plement of the latitude^ 

Scholium. 

What has been laid down in the foregoing pro- 
pofitions, in regard to the fun, holds equaUy true 
of a ftar, or any other objeA that appears in the 
heavens. 

P R O B- XXXL 

11. The latitude of the place^ and decUnation of the 
fun^ being given ; to find the time of da^ break. 

Let HZO be the meridian, HO the horizon, Z 
the zenith, P the pole, S the fun j 8 degrees below 
the horizon, PS his hour circle, and ZS his verti- 
cal circle. £Q the equinodial, AB the fun's pa- 
rallel, DF the parallel of twilight below the horizon^ 

Then in the oblique fpherical triangle ZPS, there 
is given ZP the complement rf the latitude, PS 
the complement of the declinatioiiji and ZS the dif- 

tance 
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tance of the fun from the zenith io8 degrees. To Fig. 
find the hour angle ZPS. Therefore all the fides ai. 
being given, it is folved by Cafe nth, of oblique 
ipherical triangles, thus 

S. ZP X S. SPj 

Radius fquare : : 

ZS + ZP — SP ^ ZS+SP— ZP . 
S. r— — X S. -^- T : 

2 2 

Sine fquare of ^ ZPS \ then f Z PS being had, 
if it be doubled it gives the hour angle ZPS, which 
turned into time, aUowing 1 5 degrees to an hour, 
gives the time from noon, that twilight b^Ins, or 

ends. 

P R O B. XXXII. 

7be right afcenfion and declination of a fiar heing 22. 
gtven ; to find its longitude and latitude. 

Let LCQ^be the folftitial colure, EQ the equi- 
np&ial, P its pole, EC the ecliptic, L its pole, ^ S 
a ilar, PSA an hour circle or meridian, L30B a 
circle of longitude. Then EA is the ftar's right 
afcenfion, and AQ its cofnplem^nt or the angle 
SPQ \ and AS is it$ declination, and SP its com- 
plement. Alfo £D is the longitude of the flar, 
and DC or angle DLC the complement of it ; and 
SD is its latitude, and SL the complement of it. 

In the oblique fpherical triangle LPS, we have 
given the fide PS, and LP ^23° 29O, and angle 
LPS ; to find the angle PLS the comp., longitude, 
and the fide LS the complement of the declination 
SD. 

Let fall SO perp. to LP. Then 

I. ^0 find the longitude. 

By Cafe 7th, of oblique Ipherical triangles, 
Radius; : 

Cof. SPO (comp. right afcenfion) : : 
Tan. PS (comp. declination) : 
Tan. PO. Then 
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Fig. Then LP + PC = L0» thea 
aa, S. PO : 

S. LO : : 

Cotan. SPG (comp. right; af(;«ii.) ; 

Cotan. SLP (the comp. lon^tudr}.' 

2. For the latitude. 

Having feufid PO and' LO, as l? efo re; theti by 
Cafe. 8th, . 
Cof. PO : 
Cof. PS : : 
Cof. LO: 
Cc^. LS, the complement of* latitude. 

p R 6 B. xxxiir. 

« • * 

22. ^he longitude oHii l4*imde af ajidr heing given y^ 
to find its right afcenjion and declination.^ 

This ;ia the reverfeof the laft prbblcfp. Let S- 
be the ftar, LSD- a cJfck' of longitude; cmring'the 
ecliptic in D; and- PSA- a meridian ctrtttrig the 
cquatoi* in A. Then in the oblique fphericaf tri- 
angle' LPS, there is «ven the fidfe' tjP, and the 
angle SLP the complement of 'th^ fonRitucfe irbm- 
A titsi or the neareffi <|qurno6Hal point \ ' arid*, the* 
fide SL the complement of the latitude. To fihtf 
the angle LPS-or SPO, which dfetcrmiHei tfce'rfeht 
afeenfioni and PS riie complement of the decnnist- 
tioft. Dtaw SO perpendicular to LP. Then 

I. For the right afcenjion. 

By Cafe 7t}i, of r^hr angled fpherical triartgles^ 
Radius : . 

Cof. SLP (comp. longitude) : : 
Tan. LS tfcomp. latitude) : 
Tan. LO, Then LO — LP = PO. 

Again, 



1 
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Agwn, S. LO : P5g, 

Cot^Ri SIhP (comp. longitude) : 
Cq^. SPQ (<:o«g^* right afcx^fion). 

2. Fortbe 4^cUnation* 

Haying fopnd LO and PO as before ; then bf 

CafeStbf 

Cof. i-O : 

Cof. LS (comp. latitude) : : 

Cof. PO : 

Cof. PS (comp. deciination). 

; SCHO LIU M» 

Hkhcrto we have given the aftual fblutiori of 
fuch prqWems,as have peen handled reUtip^,tQ the 
fun and ftars. In what follows, it will be fuffi- 
.cient to point out the method of folution, with- 
out troitHihg the reader with the particular pro>* 
portions, they ^pend op. 

p R OB. xxxrv. 
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Ha^fig given tki flA(:es of two Slots A andDj 23. 
mid tbedifianfe, of third fi or Sfrom iotb if tbem^ to 
find the place of the S(^r S% 

r 

Suppofe the' places of the ftars are referred to 
the ecliptic BQ^ whofe pole is L. Then in the 
triangle LAD, there is given the fides LA^ LD, 
the complements of the latitudes of the ftar s, and 
the included angle ALD^ or BQ, the difierence 
of longitude of theftars ; iFrocn thence the (ide AD» 
and angle LAD will be found. Again in the tri- 
angle ASD, We have all the fides, by which the 
angle SAD oiay be found. Then the angle LAS 
will be hadj which is the difference of the angles 
LAD and SAD. Laftly in the triangle LAS, there 

is 
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Fig. is given the fide LA, and the fide LS, and the op-* 

23. pofite angle LAS ; whence the an^e ALS will be 

found, the difierence of longitude from A ; and 

the fide LS, the coofiplement of latitude of the 

ftar S. 

But if BQ be the equinofUal, P the pole ; and 
the places of the ftars be referred to the equinoc- 
tial. Then the angle ALS will be the difference of 
ri^ht afcenfion from A ; and SL the complement 
of declination of the fi:ar S. 

P R O B. XXXV* 

23* J'be right afcen/sQm and. declinations of two fiart 
A and D, hAng given '9 to J!nd their difiance AD. 

Let BQ be the equator, L the pole, AB, DQ, 
the declinations of the ftars; LA, Lt) their com- 
plements. Then fince their right afcenfions are 
given, their difference BCjt is given ; therefore in 
the obliqud fpherical triangle LAD, there is given 
the fides LA, LD, and the included angle ALD, 
by which the diftance AD will be found. 

Cor. I* ' If the latitudes and longitudes of twofiars 
he given ; their difiaJice will be found the fame way. 
. For then BQ^is the ecliptic, ACD their diffe- 
rence of. longitude; and AL, DL, tl]ie comple* 
ments of their latitudes. And there arc the lame . 
data as before. . 

« 

Cor. z. Jf the right afcenfion and declination of 
one ftar^ and declination of another be given^ and ^ 
its diftance from the fir (I j its right afcenfion may be 
found. * 

For dien in the triangle ALD, the fides AL, 
AD, and LD will be given \ to find the angle 
ALD. 

Cor. 
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Cor. 3. And ibe fame thing holds good in refpcR ^Fig. 
the longitude and latitude of the flars. 

PROS. XXXVI. 

Having the latitude of the place^ the altitude of a 20. 
ftar^ whofe right afcenjion and declination is known^ 
and the day given s to find the moment of time^ and 
the azimuth. 

• 
Let MZP be the meridian, S the place of the 
ftar, ZS its vertical circle, PS its hour circle. Then 
in the triangle ZPS, there is given all the (ides, 
viz. PZ the complement of the latitude, ZS the 
complement of the altitude, and PS the comple- 
ment of declination of the ftar ; from which the 
azimuth PZS is found, and the angle ZPS which ^ 

anfwers to the right afcenfion included between the 
ftar S, and the meridian of the place. MP. But 
iince the day is given, the fun's right afcenfion is 
given, and therefore the difference between. the 
iun's, and the (tar's right afcenfions, is known ; 
therefore to or from this diflfcrence add or fubtraft 
the right afcenfion belonging to the angle ZPS, 
according as the fun and ftar are on the fame or 
different fides of the meridian PM -, and you have 
the right afcenfion contained between the meridian 
and the fun ; which converted into hours and mi- 
nutes, the time becomes known. 

Cor. By a like procefs^ if the azimuth was given^ 
the altitude and time may be found. 

For in the triangle ZPS, there will be given ZP, 
SP and angle PZS ; to find ZS and angle ZPS. 

P R O B. XXXVII. 

Given the latitude^ the fun* s place^ and the hour of 24; | 

the day-y to find the angle made h the horizon and e- -J 

G' cliptk '' 

i 
1 
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Fig, cliptic^ er the height of the . nonagefimal degree ; f]^ 
24. point of the ecliptic Hfcending ; the point of the nona^ 
^ejiinal degree \ and the azimuth of the afcending 
pointy the point culminating^ and its altitude^ (ifc. 

Let HZRC be the meridian, HR the horizon, 
Z tht zenith ; DQ the equinoftial, P the pole, 
CAM the ecliptic, E the firft point of aries, S the 
fun, PSB an hour circle, A the point of the eclip- 
tic defcending, AN 90 degrees, and N the higheft 
point of the ecliptic, ZNG a vertical circle. 

The place of the fun at S being given his right 
afcenfion EB is had by Prob. i. ' And the hour be- 
ing given •, the diftance of the meridians, or the 
arch of the equinoAial BQ^ is given 5 and confc- 
quently the complement BO. Therefore the diffe- 
rence of EB and BO, that is, EO is known. 

Therefore in the oblique fpherical triangle AEO, 
there is given the angle AEO the obliquity of the 
ecliptic, and AOE the complement of the lati- 
tude, and fide EO ; whence all the reft will be 
found. Therefore we (hall have, 

1. The angle EAO and its fupplement SAO^ 
which is the angle made by the horizon and eclip- 
tic ; or which is the fame thing, the arch NG the 
height of the nonagefimal degree; this then is 
known. 

2. The fide AE will be known, and therefore 
the point A of the ecliptic defcending will be known; 
and confequently the oppofite point, or the afcend- 
ing point of the ecliptic is found. ^ - 

5. The fide AO is had, which is the azimuth 
pf the defcertding point in the weft, or of the af- 
cending point in the eaft, therefore this be^mfcs 
known. ;; t^ 

4. By adding AN or 90 degrees to AE^^uic 
arch EN is had, which gives the high^ft point, or 
the point of the ecliptic, that is, in the nonagefi- 
inal degree. 

5, Since 
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Si Since AG, OR arc both quadrants, therefore Fig. 
GR z= AO 5 whence GR, or the azimuth of the 24. 
nonagefimal degree from the fouth is known. 

6. To find the culminating point. If to AO the 
quadrant OR be added, we Aall have AR. There- 
rore in the right angled fpherical triangle ARM, 
we have the fide AR, and the angle MAR found 
before ; to find the hypothenufe AM ; to which 
add AE found before, gives EM 5 whence the cul- 
minating point M of the ecliptic is known, 

Otherwifc thus, in the right angled triangle 
EQM, EQ and <;E are given to find EM, and 
angle M, and MQ. Whence MR, MZ are known. 
Or elfe, 

7. In the fame triangle, the fide RM will be 
found, which is the altitude of the culminating 
point of the ecliptic. 

8. In the fame triangle AMR, the angle M will 
be found, which is the mterfeftion of the meridiari 
with the ecliptic, or the meridian angle. 

9. To find the parallactic angle, or the angle 
:which the vertical circle makes with the ecliptic, 
as ZSM. In the right angled triangle ZSN, the 
£des ZN, NS are given ; for ZN is the comple* 
ment of NG 5 and SN is thp complement of AS, 

or of ES — EA ; confequently the angle ZSN or 
paralla^ic apgle will be known. The fame may 
be found in the triangle ZMS ; where ZM, and 
angle ZMS are given, and MS had by the 6th ar- 
ticle -, to find ZSM. 

10. In the fame triangle the fide ZS will be 
found, which is the fun's diftance from the vertex, 
or the zenith diftance. 

Cor. I. Jnd to find the par alia ffic angle ZIP, or 
the angle which the verticle circle ZS makes witk 
lejfer circle FIK, at a given point I. 

« 

G 2 Let 
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Fig. Let the veiticai circle ZIS cut the horizon in T, 

J24. and . let MSA be the ecliptic, or any great circle 

parallel to FIK. Thro* the given point I, draw 

JL perp. to MSA % then the parallaftic angle ZSN 

is known by Art. 9. Therefore in the right angled 

fpherical triangle ISL, there is given the angle ISL» 

and the fide IL^ the diftance of the parallel, 

f r6m its great circle -, whence there will be found 

the angle SIL, the complement of the parallaftic 

angle KIS or ZIF. 

Or thus, 

If the angle SAT, and fide AT, of the right 
angled fpherical triangle AST, be known ; then 
it will be, . 

As Cof. IL : Cof AT : : S.SAT : Cof. KIS the 
Imrallaftic angle. For in the triangle AST (by 
Cafe iith)$ CoC AT : Cof. S : : Rad : S. A = 

CoC S 
'q^^^ j^j. X Rad; and Cof. IL : Cof S : : Rad : S.I 

Cof. S 
^ Cof IL ^ ^^^' Therefore, S.A : SlI 

OTaT • CdflL ' • <=^^- ^L • C^^- AT: for 

Cof. S, and radius are common both. 

P R O B. XXXVIH. 

g ^ If a phnet or comet S, be in aline with two known 
^* Jiars A and B 5 and in another line with two other 
known fiars^ C and D. ^0 find its latitude and 
longitude* 

The longitude and latitude of all the ftars A, 
B, C, D^ arc known. Therefore in the triangle 
APB, the fides AP, PB, and angle P are given ; 
to find the angle PAB. Draw AC \ then in the 

triangle 






Sea^ir. PROBLEMS. S^ 

triangle P AC, we have AP, PC, and. angle P j Fig, 
to find AC, PAC, and PC A ; then we have the 6 j. 
angle CAB. In the triangle CPD,. we have'CP,, 
PD, and angle CPD ; to find the angle PCD i 
then we have the angle ACD. In the triangle 
ACS, we have AC,, ACS, CAS ; to find AS. Laft- 
ly, in the triangle APS, we have AP, AS ; and 
angle PAS; to find APS the difixsrence of Ion-, 
gitiide of A and S, and PS the complement: o£ 
latitude of S. 

If the mterfe<5Hon of the Hnes,^ or the place of 
the comet at S, be out of the figure ; the calcu- , 
iation will be much the fame. 

P R O B. XXXIX. 

Having given the latitude of the place i. tie day 2^ 
and. hour \ and the latitude and longitude of ajlar^ 
to find its altitude and azimuth, and the point wbere^ 
the vertical circle cuts- the ecliptic^ and the angltr 
tb^ makck 

• ' ' ■ 

Let HMPR be the meridian, HR the horizon,; 
Z the zenith, DEQ the equinoftial, P the pole,~ 
MAC the ecliptic, ZFS a vertical circle, PSB acb 
hour circle. 

From the latitude and longitude of the ftar, the. 
right afcenfion and declination will be found, by 
Prob. XXXIII. and the day being given, the. fun's 
right afcenfion is given. Whence (here will be 
had the difference of right afcenfions of the fun 
and ftar, or the arch of the equinoftial contained- 
between their meridians. And the hour being given,, 
there will be given the arch of the equinoftial con- 
tained between the meridian of the fun, and the 
meridian of the place PZD. Hence by addition . 
or fubtraftion, the arch of the equinoctial between, 
the meridian of the ftar,^ and that of the place^ 
is had which is DB, or angle DPB, ^ 

G a There- 



f 
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Fig. Therefore in the triangle PZS, there are given 
25. the fides PZ, PS, and angle ZPS : PS being the 
complement of the declination of the ftar. Whence 
will be found ZS the complement of the altitude^ 
and the angle PZS or the azimuth, equal to the 
arch FR ; then fince OR is a quadrant, FO will be 
known, or the azimuth from the eaft. 

.Again, FO is known, and AO will be found by 
the laft Prob. therefore AF is known ; alfo the an- 
gle OAG may be found by the laft Prob. There- 
fore in the right angled triangle AFG, the fide AF 
and angle FAG are known ; to find the angle FGA^ 
the intcrfeftion of the ecliptic and vertical circle i 
and AG the dift:ancc of the interfeftion from A. 

Or elfe find MH and angle AMH by the laft 
Prob. Then in the triangle ZGM, there are given 
the angle MZG the fupplement of FR, the angle 
2MG the fupplement of AMH, and the fide MZ 
"^ the complement of HM ; to find the angle MGZ 
made by the ecliptic and vertical i and MG the dif- 
tance of the point of interfedion G from M -, and 
laftly ZG, the diftance of G froih the vertex or 
senith Z. 

PROB. LX. 

^0 ere£l a fcbeme cr figure of the heavens for atrf 
time and place. 

26. Let HMRC be the meridian, HR the horizon, 
DQ the equator, MAC the ecliptic. , Having 
found the point of the ecliptic M that culminates 
at the time given, by Prob. 37, and D its right af- 
cenfion. To the right afcenfion of D add 30 de- 
grees continually, or in the equinoftial DQ, make 
DB, Bl, 10, &c. each equal to 30 degrees, quite 
round 5 to find the points B, I, O, T, V, &c. 
Thro* thefe points draw the circles of pofltion 
HBR, HIR, HTR, HVR, &c j interfefting the 

ecliptic 
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ecliptic in N, K, A, L, S. Thea thefe points are Fig, 
called cufps\ A is the cufp of the firft houfe, L|26^ 
that of the fecond, S of the third, C- of the fourth^ 
&c, round the globe,. M of the tenths N of the 
eleventh^ K of the twelfth houfe. Then to find: 
thefe points of the ecliptic, or the cufps of the* 
fcveral hofufes ; we have the feveral right angled 
triangles ADB, ADI, ADO,, &c. and the oblique- 
trianglea EBN» ElK, EOA^ ETL> &c. ta work, 
bjr. . 

In the right ^gled fpherical triangle HDB, there: 
is given DH the complement of latitude, DB aa 
arch of 30 degrees -, tp find the angle DJBH, or 
angle of pofitioji with the equator. Likewife ia 
the feveral right angled triai^les HDI», HnO,^ 
HDT,, &c. there is given in each of them the fide 
HD, and in the refpeftive triangles, the fides DI,^, 
DO, DT, &c. to find the angles of pofitioa at I^ 
O, T, &c. 

Again in the oblique triangle EBN, there iis gi- 
ven the fide EB, and the angle of pofition EBNj>, 
and the angle BEN, the obliquity of the ecliptic ;, 
to find EJN, the diftance from the equirioftjal point ' ' 
E. In like manner in the fcveral oblique trian- 
gles EIK, EOA, ETL^ EVS,. &c. there is givea 
refpedlively, the fides EI,, EO, ET,, EV, &c. and 
the angles, at I„ O, T, V, &c. and in all of them^ 
the angle E. Therefore the fides EK, E A, EL^ 
ES, &c. will be found. And from hence are de-^ 
termined the points of the ecliptic, in which the 
Gufps of the feveral houfes are placed. And the 
cufps on the oppofite fide of the globe, will be 
diametrically oppofite to thefe. Thus the 7th'an(4 
ift, the- 8th and 2d, the 9th and 3d, the i-oth and 
4th, the 11 th and 5th, and the 6th and 12th are 
oppofites. The firft is in the eaft part of the hori- 
zon, and is called the ajcendant ox horofcope^ or the 
^kni \ the fourth is in the meridian below,, the fe^ 

G 4. yamhfe 
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Fig. vcnth is in the weft part of the horizon, and the 

26. tenth in the meridian above. And thcfe arc the 
pofitions of the twelve houfes at that given moment 
of time. But they continually change their places 
in the ecliptic ; for diflferent parts of the ecliptic 
are always coming to the horizon, and to the me- 
ridiao 5 fince in 24 hours it makes a whole revolu- 
tion. 

P R O B. XLI. 

27, Having the latitude of the place ^ and the right of- 
cenfion and declination of a fiat -, to find when it rifes 
cofmicaUy or with the fun ; and likewife when it Jets 
cofmicalfyj that isj when the fun rifes. 

Find the afcenfional difference as in Prob. III. 
which add to or fubtraft from the right afcenfion, 
according as it has fouth or nortK declination, and 
you have the oblique afcenfion. 

Let HDR be the meridian, HR the horizon,' 
DQ^the equinoftial, MAC the ecliptic, S the ftar. 
Then in the oblique triangle EOA, there is givea 
the oblique afcenfion EO, the angle EOA the fup- 
plement of 'DOH, the height of the equinodtial, or 
of the complement of the latitude, and the angle 
AEO the obliquity of the ecliptic -, to find the fide 
EA, and confequently the point A of the ecliptic, 
that rifes with the ftar. Therefore when the fun 
is in the point A it rifes with the ftar. Therefore 
find on what day the fun is in that point of the e- 
cliptic, and that is the day on which the ftar rifes 
cofmicaUy. 

Again, add* or fubtraft the afcenfional difference 
to or from the right afcenfion, according as the ftar 
has north or fouth declination, for the oblique def- 
cenfion EO. Then in the oblique triangle EOA, 
there is given EO, and angles EOA, OEA, as 
before, to find EA ; and A is the point fetting 

with 
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wit|i the ftar. And therefore the point oppofite to Fig. 
A in the ecliptic is the place of the fun when he 28. 
rifes as the ftar fets. And by finding the fun's place 
at that time^ it is known when the ftar fets cofmi- 
cally. 

P R O B. XLIL 

Having the latitude of the place^ and the right af-^ 
cenjion and declination of a fiat \ to find when it rifes 
er fets acronicalfyy that isy atfunfet. 

Find the point of the ecliptic A, wherein he is, 27. 
when the ftar rifes cofmically, by the laft Prob. 
Then it it is plain when he is in the oppofite point 
of the ecliptic, he fets when the ftar rifes ; there- 
fore find what day the fun is in that point of the 
ecliptic, and that is the day, whereon the ftar rifes 
acronically. 

Again, find by the laft Prob. the place the fun 28. 
is in when he fets with the ftar, and that is his 
place when the ftar fets acronically. Therefore 
find when he is in that point, and that is the time 
when the ftar fets acronically. 

PROB. XLIII. 

Given the latitude of a place^ and the right af^ 
cenjion and declination of a ftar ; to find the helia-- 
cat rijing and fet ting thereof. 

Let G be the place of the fun when the ftar at 27^ 
S rifes heliacally ; that is, when it can firft be feen 
to rife, the fun being fo far below the horizon, as 
not to make it invifible by its light. Thro* the 
zenith Z, draw the vertical circle ZIG, then in a 
ftar of the firft magnitude, IG muft be 1 2 de- 
grees, and in one of the fecond magnitude, 15 
degrees, and the moon 5 degrees. Then in the 
right angled triangle AIG, there is given I G,- 

and 
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Fig. and the angle lAG may be found by Prob^ 

27. XXXVII. therefore AG will be had. And this 

added to EA found by Prop. XL. gives EG the 

fun's diftance from the equmodial point E ; and 

the fun's place being had, the time becomes knowa 

when he is in that pointy and confequently whea 

the ftar rifes heliacally. 

i8. In like manner, ii G be the place of the fun 

when the ftar S fets heliacally,. or will not be aSe&ed 

" by the fun's light when fetting. Then AG, found 

as before, fubtrafted from the place of the fun„. 

found by the laft Proh. gives the fun's place at G ;. 

and from thence is had the time when ne is in G, 

which is the fame as when the ftar is at S or fets 

heliacally. 

\* 

Cor. A ftar becomes invyihk all the time from^ 

his heliacal fetting^ to his heliacal rijing. 

For all this while it is too near the fun, and up 

HI the day time. 

P R O B. XLIV. 

86. Given the latitude .of the place, and the r^ht of- 

87. cehjion and declination of two ftars.A, B^y to find 
the time when they will both be upon owe. azimuth ^ 
and atfo the azimuth. 

Let Z be the zenith, P the pole, ZBA their 
common azimuth circle ; PB, PA two meridians. 

In the Ipherical triangle APB, there is given the 
two fides AP, BP, and the included angle APB ;, 
to find the angle A or B. Then in the triangle 
ZPA, there are given the fides ZP» AP, and an- 
gle A ; to find the angle ZPA, or the time of A 
from noon; and the angle PZA, or the azimuth 
from the north. Or elfe in the triangle ZPB,, 
there is given the fides ZP, BP> and angle B ; ta 

filid 
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find the angle ZPB, the time of B 5 and PZB, the Fig, 
azimuth. 86. 

Cor. I. In the fame triangle ZAP, or ZPB, the ^* 
altitude ZA or ZB may be founds at that time. 

Cor. 2. If inftead of the latitude^ the altitude Z^y 
cr ZB he given ; the latitude ZP may be founds in 
the fame triangle ZPA, or ZPB. 

P R O B. XLV. 

^0 find the annual variation of the declination g^- 
and right afcenjion of a ftar. g -^ 

Let KL be the equator, B its pole, GH the 
ecliptic, A its pole, F a ftar, which in a year's 
time comes to r. Then fince the latitude never 
changes, Ar will be equal to AF. Thro* F and 
r, draw the circles of longitude AF», Ari; and 
the meridians BFp, Brj, and draw Fr, Fj perp. to 
AF, BF ; whence the < rFj = < AFB. I hen 
ii^ill nd be the variation of the angle A, or of the 
longitude, which is conftantly the fame n 5c/'. 3 5 ; 
and pq^ is the variation of B, or of the right afcen* 
fion *, and rs is the variation of declination. 

By fimilar fedorj nd lYr i : rad : S.AF ; and 
Fr : r J : : rad : S.rF^ or S.BFA. Therefore, nd 
(var. A) : rs (var. BF) : : rad* : S.AF X S.BFA, 

' ^ • • ri>T. S.AFXS.BFA 
Whence rs or variation of BF = gr X 

, \S.AB K«.ABF , S. AB X Cof. CBF 

nd = :: :n ^ X nd = t? X 

V xad^ rad* 

ndj >vhereiA?^^nd nd are given. 

. . . f ^gainj 

It will be /^ : Fr : : rad : S.AF, # 

and Fr : P^.^ : rad : S.Frj or Cof. AFci 
and Fi xpi : : S.$F : rad* 

\ there- 
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Fig. therefore nd:pq\: rad X S.BF : S. AF X Cof. AFB, 
84.. S.AF X Cof. AFB 
85. and^jorvar.B= ^ad X S.BF ^"^^ 
rad X Cof. AFB rad* _^ 

S.BF X S.AFB ^ '■' - S.BF X tan. AFB ^''^ - 
Cotan. AFB 

S.BF ^^^' 

• \ 

■ *• 

I . For the var. decUwtion. 

» 

To the conftant log. 1.302408, add the log. co- 
fine of the ftafs .right afcerifion from the neareft 
equinoftial point, the fum (rejedking 10 for radius) 
is. the log. of the variation in declination. 

In the I ft and 4th quadrant of the ecliptic, the 
itar approaches the north pole B ; in^ the 2d and 
3d quadrants, it recedes from it. 

2. For th€ var. of right afcenjton. 

Firft, to find. the angle F, fay as Cof. lat. of the 
ftar (AF) : Cof. its right afcenfion (CBF) : : S.AB 
(23° 29O : S.F. Then, 

To the log. cotangent of F, add the log. of the 
variation of declination (rs) ; and from the fum, 
fubtraft the log. cofine of the declination of the 
ftar, the remainder is the log. of the variation of 
right afcenfion, for a year. ' . 

The right afcenfion always increafcs, except 
when the angle F is obtufe, which happens when 
the. ftar is between the poles of the equator and 
ecliptic J and then it decreafes. 

E^amp. 

For the ftar allioth, whofe right afcenfion is 
m^(f 44^ and lat. 54^ 20^ and declination 57** 19'- 

... 

I. Var^ 



?, 
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Fig. 
I. Var. declination. 84. 

Conftantlog. — — 1.302408 85. 

Cof. 10^ 44^ — — 9-99^334 

-^19'' 76 = van decl. — 1.29474^ 

2. For right afcenfion. 

Cof. 54" 20' — — 9-765719 
Cof. 10 44 — ~ 9-99^334 

S. 23 29 — — 9.600409 

19-59^743 

iS.F, 42^ 1 1' — — 9-^^7o^4 

Cdt^F. 42 1 1 — — 10.042769 

. 19'' 76 — . , ~ — 1.294742 

11.337511 
Cof. 57 19 — ~ 973^390 

+ 40'' 38 — — «« 1.605121 

the variation of right afcenfion, 

P R O ,B. XL VI. 

^0 find the how of the nighty ly the circumpolar 
fiars. 

Find the fun's right afcenfion, and fubcraft it 
from the right afcenfion of the liar given, taken 
from the following table (Col. 2.) ; the remainder 
is the time of night, when that ftar is direftly un- 
der the pole ftar; which is^ known by hanging up 
a lihe and plummet. 

Note, The edge of a window or door ftead, 
facing thq north, may ferve inftead of a line and 
plummet. 

If the ftar you obferve happens to be above the 
pole, add 1 2 hours to the time. 

If you have not a table of the fun's right afcfn^ 
(ion at hand -, you may make a fliift with the fol- 
lowing ftiort tabic. 

A Table 



9^ 

Fig. 
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J Table of circumpeiar Stars. 



>m 



Stars 



Allioth 

G. Bear's tail 1 

andBenetnafch £ 

L. Bear Kocha«> 

Dragon's back 

Lyra 

Swan's tail 

Dt:neb 

Cepheus's knee 

Caffiopeia's hyp 

Perfeus's fiide 

Algenib 

Capella 

G. Bear's foot 

Lower pointer 



} 



} 



R.Afcenf. 



m 



43 53 

1 27 05 

2 32 31 
4 38 26 
6 II 57 

8 16 40 

11 It 32 

12 42 37 

IS 19 30 

17 16 56 

3to 53 45 
22 58 37 



var. 



27 

24 

o 

20 

20 
20 

^3 
35 

42 

44 

43 
37 



dif.R.Ai 



m 



o 8 
II iS 

19 6 

25 30 
17 8 

16 51 

17 40 
o 15 

II 38 

17 16 

20 50 
10 56 



Azimuth 



1 Ti 

I I 14E 

I 50 a6W 

I 32 28W 
3 34 loW 
3 21 14W 

3 a 43W 

I 25 40W 
'^ 2 loW 

I 57 48E 

3 3 47E 
3 28 loE 

J 34 36g 



mag. 



2 
2 

2 

3 
I 

2 

3 

2 



I 

3 i 

2 



The firft column is the names of the ftars ; the 
2d is the ftars right afcenfion when under the pole 
ftar ; the 3d is the incrc^afe of right afceiifion every 
10 years -, the 4th is the difference of time bfetweea 
the ftars being under the pole, and under the pole 
ilar ; the 5th is the azimuth at that time ; and the 
iaft is the magnitude. This Table is made for the 
middle of England. 

The following Table is a Table of the fun's 
right afcenfion, the loth day of every month, at the 
following midnight, being adapted to the mean 
time pf taking obfervation of the ftars. 



A TABLt 
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A TABtE of tiefitnU right afcenfion. 
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Fig. 



Months 


H. M. 


Jan. 10 
Feb. lo 
Man lo 
Apn lo 


19 28 

21 37 

23 27 

I 20 


May lo 
June lo 
July lo 
Aug. lo 


3 13 
5 19 
7 23 
9 24 


Sept. lo 
Oa. lo 
Nov. lo 
Dec, lo 


II 19 

13 7 

15 7 
17 14 



To find the fun's right afcenfion for any day, 
find it for the loth day of the month propofed^ 
and add or fubtraft fo many times 4 minutes,, as 
the day propofed is after or before the loth day. Or 

more nearly, 4 — ^ minutes, for every day. 

Scholium. 

That the readter may have an idea of the ftars gg^ 
to be obferved, as in the foregoing table, I have 
here given a map of the principal ftars about the 
north pole, as follows. 



P the north pole 

£ the pole of the ecliptic 

1 Caffiopeia's Chair 

2 Cafliopeia's hip 

3 Cafliopeia's foot 

4 Qerfeus's fide 

5 Capella 

6 Great bcar*s h'p 

7 Great bear's foot 

8 Lpw.er pointer 

9 Allioth 



10 Great bear's tail 

11 Little bear 

12 Laft joint-dragon 

13 Dragon's back 

14 Dragon's head 
►15 Lyra 

16 Dragdn's belly 

17 Swan's tail 

18 Cepheus's left (houlder 

19 Cepheus's knee 

20 Pole Star. 

P R O B- 
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^^' P R O B. XLVIL 

^^* To find the aiirration of the fixed fiars ; caufed 
hy the compound motion of the rays of lights and of 
the eartbrin its orbit. 

It is found by frequent obfervations of the eclipfes 
of Jupiter's Satellites, that light is about 8 minutes 
in moving from the fun to the earth. And fince 
the earth defcribes about i degree (or ^Bod') in a 
day (or 1440"*), therefore in 8 minutes, it willde- 
fcribe 20'', in its orbit ; and therefore the velocity 
of light, is to the velocity of the earth in its or- 
bit ; as radius to an arch of 20 feconds, or the 

third part of a minute, that is, as i to 

or .00009697, or as 10300 to i. That is, the ve- 
locity of light is 10300 times greater than the ve- 
locity of the earth in its orbit. 

Now if AN be the way or path of a body in 
free fpace, as of a ray of light ; its apparent way 
, on a moveable plane will be different. For it will 
be that which is made by the refolution of the two 
motions of the body and plane. Thus if AN be 
defcribed in any time by the body, and NF be de- 
fcribed by (a point in) the plane, in the fame timel 
As the plane moves forward in diredion NF or 
AB, it leaves all the points of the fixed line AN 
behind it, all which will therefore feem to move 
backwards in the plane. Therefore make ND = 
NF, being taken backwards or contrary to the 
motion of the plane -, and the body, inftead of 
going to N in free fpace, will feem to go to D, 
in the fame time, upon the moveable plane ; *aad 
therefore AD will be the apparent path of the 
body in that plane. 

It will be the very fame thing, if you fuppofe 
the plane fixed, and the body to have the plane's 

* mc*^'' 
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motion cocnmunicated to it^ in a contrary diitc- Figi 
tion, fo as the relative motion be the fame as be^^ 89* 
fore. Thus if the body mores from B to^ A^ in 
the fame time that^ it would alfo move from A to 
N, then by that compound motion it would move 
along the diagonal BN of the parallelogram whofe 
fides are BA, AN» and in the fame time. 

Therefore rays of light emitted from the ftar in 
direftioii AN, will fall upon the point D of the 
moving plane ;. and therefore will fall upon the eye 
of the ooferver, in the direftion AD. And there- 
fore an oblerver at D will fuppofe the ftar fituated 
in the line DA. And confequently, if BN be pa- 
rallel to AD, and the point D tranflated to N in 
the faid time ^ an obferver at N will fuppofe the 
ftar fituated in the line NB; making the angle 
BNF or ADF lefs than ANF, the angle it would 
appear under^ if the plane was at reft. So that ^ 
the angle of elevation BNF, above the line of di- 
rection NF, of the obferver, is lefs than before, 
being taken on the fide F, towards which the ob- 
ferver movesi And the obferver^ infte^d of feeing 
the ftar at A its real place, ^ill fee it at B its ap- 
parent place. But on the contrary, if the obferver 
moves trom F to N and D, and B be the r^al place o£ 
the ftar, its apparent place would be at A, to an 
obferver at N. 

The apparent place B is. always in the plane o^ 
aberration, drawn thro' the way of the obferver 
NF, and the line NA drawn from the obferver to 
the real place of the l^ar; for AB being parallel 
to NF, is in the plane ADNF. And the angle 
BNA or NAD is the angle of aberration ; by the 
quantity of this angle the ftar is deprefied, in going 
towards it; or raiied in going from it. 

Further in the triangle AND 5 it is, AN ; NO : : 
S.ADN : S.NAD 5 but AN and ND being given ; 
the S J^AD the aberration will be as the S*4PN. 

H But 
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Fig. But becaufe AN* is 10300 times^«eater than 
89. ND ; therefore the S.NAD does not differ from its 
arch or angle *, whence, the angle of aberration 
NAD or ANB is always as the fine of the angle of 
the earth's way, AD^f or ANF. And hence the 
angle of aberration ANB is greateft, when AN is 
perp. to.ND; and becomes nothing, when ANF 
is nothing. 

Since AN is to ND, as radius to zof^ ; therefore 
when AN is perp. to ND, the angle NAD or 
ANB will be 20'', which is the greateft it caSi be. 
In other cafes it will be, as radius to S. angle of the 
earth's way ANF : : fo 20^'^ to the aberration; an- 
fwering to that angle \ which angkis alwayg taken 
in the plane of aberration ADNF* 
50. Thefe thing\ premifed, let BCDE be the earth's 
orbit, S the fun, A or Q^a ftar at an almoft infi- 
nite diftance, N any place of the earth in its orbit* 
Thro' the ftar A draw the circle of longitude AH 
perp. to the plane of the ecliptic, and draw KSBH, 
and ESC perp. to it, or - parallel to the tangent at 
B. Draw the tangent N^, and draw NI towards 
the ftar, and make NI to N^ as the velocity of 
light, to that of the earth, or as 10300 to I, and 
draw d\ which leads to the apparent j^ace of the 
ftar ; and fuppofe DAj SA parallel to dl^ NI j 
then DA will alfo lead to the apparent place of the 
ftar. Draw SFG perp. .to SN, or parallel to Nii» 
Then will IN^ be the plane of aberration. This 
plane continually changes its fituation, revolving 
round the fun Jn a year along with the tangent N</. 
And fince AS^ SF are parallel to IN, N/, there- 
fore angle ASF is equal to IN/, and therefore 
' ASF is equal to the angle of the earth's way, Hence 
the plane ASF may be taken for the plane of a- 
berration, which continually tiirns round the line 
AS, as the earth revolves about the fun •, the line 
SF being always in quadrature with the earth at N. 
V Let 
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Let the earth be at E^ then the plane of ibcf- Fig* 
ration ASB will be perpendicular to the ecliptic ; 90* 
and the angfc of the earth's way ASB !« the leaft 
that it can be, and therefore the angle of aberi;^^ 
tioh the leaft. Whilft the earth nioves - to B, the 
angle of the earth's w^y, and of aberration in^^ 
creale ; and at B d^e plane of aberration is ACS, 
and the angle of the earth's way ASC i$ a right an^ 
gle, which is the greateft it can be 5 therefore the 
angle of aberration h the greateft poffifoie. Whilft 
the earth moves to C> the angles or the earth's way . 
and aberration decreafe again, and at C are the 
leaft. And in moving to K they mcreafe again to 
K, where they arc greateft. And from K to E 
they diminifh again, where they are leaft. 

It is plain then, whilft the earth is at E moving 
towards N, the ftaf's apparent place is at e lower 
than A ; at B moving towards F, it appears at i^ for* 
ward. When the earth is at C, the ftar appears at 
€ above A. And when the earth Is at K, the ftar 
is feen at i, having gone backward. 

Hence it appears, that the apparent place of a 
ftar defcribes a fmall ellipfis in a year, about the 
true place of the ftar in its center, whofe tranfverfc 
a3us is parallel to the ecliptic ; and Icffer axis per- 
pendicular to it. This ellipfis is bcke anfwering to 
the places of the earth at B, C, K, E. And the 
points^, Cj ky e^ anfwer refpeftively to the point* 
C, K, E, B, where the plane of aberration cuts 
the ecliptic, being 90 degrees before the earth, or 
90 degrees behind the fun. 

To find the angle of the earth's^ way ASF, when 
riie earth is at any place, N. Draw the arch AG ; 
men in the fpherical triangk AHG, right aniq;led 
atH; we -have the ftar's latitude AH, and the. 
fide GH, the complement of the angle NSB (NSB 
being the djifference of longitude of the earth an4 
ibr) 5 whence by Cafe i4tn, of right angled f^he- 

H 2 ricsil 
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Fig. rical triangles, the hypothenufe AG will be ha<!, 

90. which is the meafufe of the angle ASG or ASF. 

And fince the aberration is always in the plane 

of aberration j therefore when the earth is at N, the 

•plane ASG is the plane of aberration, and the a*- 

i)erration lies in the arch AG, from A towai-ds G 5 

but the contrary way when the earth is in the 

point of the ecliptic oppofite to N. And therefore 

m the fame triangle AHG, having AH, HG by 

Cafe 1 3, the angle GAH is had, being the an^le 

which the line or arch of aberration makes with 

the circle of longitude AH. Hence are deduced 

the following articles^ 

Cor. I. The angle of aberration (SAD), U an 
chferver at N, is always in the plane ASF, cut- 
ting the ecliptic at F, ^o degrees before the earthy or 
iebind the fun. And it alw^s lies from A towards 
that way the earth is moving. And therefore aftar 
appears lower ^ when the earth moves towards it ; and 
higher when it moves from it. 

For NF is a quadrant •, and when the ejuth is 
moving in E, the aberration lies from A to ei 
when die earth is in B, it lies from A to h. yfhcn 
in C, it lies from A to c. And when in K, it lies 
from A to k. 

Cor. 2. The aberration in longitude is conftantfy 
id' ; and alfo 20" in latitude ^ at the pole of the tf- 
tliptic." For other latitudes ^ it is as the fine of the 
Jtar's latitude. 

Cor. 3. If a flar was placed in the pole of the 
ecUpiic^ it would appear to defcribe a- Jmall circle 
round 4he poky in a y ear y whofe diameter is /^dK And 
any other ftar would feem to defcribe in a year^ a 
fmall eUipfisy whofe greater axis is 4c/', parallel to the 
^Uptic i and the leffer axis perpendicular to ity and 

lefs 
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lifs than the other in the rath of radius to the JIne Fig.;. 
of the fiord's latitude. go* 

Cor. 4. When the liar is in the f/ziges^ that is^ 
in conjunSion or oppqfition to the fkn ; there is no a- 
berratipn ii^ latitud^i hut the greatefi aberration in 
hngitude^ 

For YfYitn the earth is at B andKj^ the ftar,ap^ 

pears at b and *.. . ;, 

'1 

: Cor* 5. When the fiar is in the quadratures with 
th^ fun\ there is no aberration in longitude^ but the- 
greateji aberration in latitude. In the mean places ik 
partakes of both* 

For when the earth is. at E and C, the-ftar ap- 
pears at e and c^ 

Cor. 6. Hence the aberration of agivenftur^ at a* 
given tirn^ of the year^ nuxy be eafily found. 

Find the diflfercnce of longitude between the flat; 
and the wrth (or fun), at that time. Then fay, as 
radius^ une of that diflfererice : : fd the cofine o£ 
the ftar's latitude : cof. of the angle of the earth V 
way, which being found j fay, as radius : 3- earth'$, 
way : ; fo 20 feconds : to the aberration at that 
time. 

And to find what angle it makes with the circle 
of longitude AH; fay, as fine of the latitude 
(AH) : radius : : tan. diff longitude (GH) : tan, 
angle fought (GAH)« 

Cor. 7^ Jnd from hence the, aberration in latitude^ 
and longitude may be fyund. 

For fince the fmall arch or line of aberration,, 
fuppofe Ao lies in the arch AG, and the angle 
HAG is kn<»wn. It will be, as radius : to tne 
whole aberration A^ : : S. angle GAH : to os the 
aberration in the parallel of A : : and fo cof. G AH r 
tia Ai the aberration in latitude. And cof. lat. 

B 3^ AH:, 
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Fig* AH : radius : : fo is ^^ : to the aberration in longi- 
«), tude. Whence, cof. AH : S,GAH : : A^ : alDer-- 
ration in longitude. 

Cor, 8, Hence alfo the aher ration in right ajea^om 
and declination may he ea/tly found. 
9*« Let EQ be the equinoiftial, P its pole, CL the 
ecliptic, K its pole, A a ftar, KArl a circle of 
longitude, P AB a meridian. In the right angled 
fpherical triangle CBD, it will be (by Cafe 8), rad : 

>:^ . ^A r T. S.DCB X cot CB 
S.DCB : : cof. Ct : cof. D = rl^ ^ i 

. and in the triangle AHD, rad r S.DAH : : coC 

.TT rr. S,DAH X Cof, AH ^^ \ 
AH : cof. D zz y^ Therefore 

S.DCB X cof. CB z= S.DAH X cof. AH. There- 
fore cof. ftar's latitude (AH) : cpt of its. right at 
cenfion (CB) : : fo fine of the ohliqvky of the 
Ecliptic (dCB) ; S, angle DAH, which a circle of 
longitude makes with a meridian, or circle of right 
afcenfion, at tJie ftar. But the angle GAH i$ 
known by Cor. 6. therefore the angle DAG is 
known, being the fum or difference, of DAH and 
HAG. Let Ao be the whole aberration ; and draw 
(on perp. to PB, or draw the parallel of declination 
nor. In the triangle Anoi it will be;. q$ rad : Aa 
the whole aberration : : fo the S.nAo^ : tP po the 
aberration in the parallel nr : : and fo cof. »AV : to 
An the aberration in declination. Laftly, cof. de-» 
clination (S.PA) : radius : : fo no : BF the aberra- 
tion in right afcenfion. Whence as cot declihation 
(AB) : S.DAG : : A^ : BF the aberration in Ion- 




Cor. 9. 7he apparent latitude of a fiar will he 
leaji when the funjs qo° before the ftar ; and grpatefi 
when the funisi^o degrees behind the fiar. Alfo the 

apparent 
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apparent longitude willie leAfi^ when the fun andfiar Fig. 
arejn conjunSiion \ and great eft ^, when in^offofttion. • ^x^ 

Cor. 10. The veloeity of light is 16300 times 
greater tbati the velocity of the earth in its orbit. 

Con 1 1. This aberration hy the motion of lightj /* 
fiXttB diffitreni from tbi parallax of the amuiil 4frl^^ 
F&r hy^lhis lattiti, she parallax in longitude: is greats 
e/t iHthiquadratMnx^^and nothing in the^fyzigesi 
And thefkrallax in latitude is gnat eft in the fyzigesj, 
eaai none at all in the quadratures. " 

: : . ScHOLIU M* 

' ^Mfr-'Al^rfation by the motion of light will alfo 
aff^ the planets, but not in fo tegular a mahncr,, 
by Tcalbft th^y are not far from us. For in this. 
cafe W^ cannot make ufe^ of the plane At)S. But . 
in regard to the plane IN^, and the place* -N, ani 
I, of the earth and planet. The aberration Nf4 
will be the fame as in a fixt Itar,, in the fame dir 
reftion NL 

Dr. Bradley, who found out this aberration*,, 
found out another fmall motion in the fixt ftars,. 
This motion is only apparent in the ftars, but is. 
really in the earth •, and is caufed by the moon- 
afting upon the equatorial parts of the earth, by 
"Which means the pole of the equinoftial is conti- 
nually changed, and caufed to defcribe a fmall; 
circle round the, true pole, of 18 feconds dia^ 
meter, in 19 years, or the time of revolution. 
- of the moon's nodes. - By this means the places, 
of all the ftars feem to be changed fo much m. 
that time. And this motion is fuch, that the " 
moving pole always lies between the mean pole,, 
and the 90 degrees of the moon's orbit on that fide- 
the equator, and is 9'' nearer to it than the meaa. 
{)ole. And the moving pole and jdixis 90th degree,, 

H 4 or; 
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Fig. or highcft point of the orbit, always accompany 
9 1 . one another in their revolution. I have calculated 
this motion in niy hook of Fluxions, and found 
the diameter of the little circle 2 1 feconds. They 
that want to fee it, will find it in Cor. 3. Prob- 
XXVI. of that book. 

If thcfe two motions arifing from the aberration 
of light, and the mutation of ,the earth's axis, 
Ihould confpire together ; they will oroduce an er^ 
i:or of half a minute in the places or the ftara, Sa 
that it is no wonder if the places of the ftars, ta<> 
ken df, different times, differ from one another, and 
from their mean places, which muft be efteemed 
their true places. But from what has been here 
laid down, thefe errors may at any time be correct 
ted, and their true places found. I have dwelt; 
\ the longer on this, becaufe it is abfolutely neceflary: 
to have correct places of the ilars ; for this is the 
yery groynd apd bafis of all aftrgngmy. 
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S E C T. III. 



Tie Vfe of the Globes in Aftrgmmy ; 
and the Solution of the principal Pro* 
blems of the Sphere thereby. 



*> P ■ " ■ ■■! Ill ■ ■ «■ ■ <» 



TH E folution of the problems of the Ipheret 
by trigonometry as delivered in the Iw ice-* 
tion, being oftentimes intricate and tedious ; Md 
as there are not . many people who will be at the 
pains to learn fpherical trigonometry , and ycfi 
would be defirous to know, how to refolve the 
common problems of the. fphjcre. Therefore ma- 
thematicians have contrived two globes, the celefr 
tialy and terrefirial globes^ by help of which, thcfe 
•problems may. be refolved qn^chanically, pretty 
near the truth, and with> incredible eafe and expe* 
dition. This makes the praS;^qe very delightniU 
and highly inftryftive, efpeciajly for fuch people 
as have not had time to be fully informed of the 
theory. , And it likewife gives a better notion of 
the circles of the fphere, and the ufes. thereof in 
the pradice of aftronomy ; when a perfon fees how 
they are applied in the folution of problems. I 
fhall therefore, for the fake of the learner, give the 
folution of feveral problems, efpecially aftronomi* 
cal ones, by help of the globes, after I have given 
a fliort defcription of them,» Altho* a fight of 
thefe globes will at once give a better idea thereof^ 
than can be conveyed by a multitude of words, 

A Globe is made perfeftly round, of paper or 
^me light matter. Jn two oppofite points of it. 
lire fi^ced two pins or wires, upon which the. globe 
tVirn^ round \ thefe are called \^ Poles. A hd. thefe 
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two wires, produced thro' the center of the globe, 
reprefent its axis. Thefe, pins or wires turn round 
in two fmall hole^ made ill a brais circle, which 
furrounds the globe ; this circle is called the tra/i 
Meridian. Round the middle of the globe, cqui-^ 
dtftant from the poles, a circle is drawn, and di- 
vided into 360 degrees, this is called the Equinoc-- 
tial. There i^ alfo another great circle drawn round 
the ^lobe, and interfedting the cqpinoftial in an 
angle of 23^ degrees, this is tKe Ecliptic. The 
\maBt% mtridtan is^ divided into degrees on the eaft 
&&ky 4ffkd out half is nilmbered both ^^ys from 
iSs^ Qcfdlnod^lail to the t#o {>ote$, and the othef 
£r(lnv4he poles to the equintk^ial. There is a flat 
«^dodM ring goes r6und the globe, €&Ued the Hif- 
f^Hi its lipr{)cf plane lies eyeri with the center of 
thcfi ^\st ; oil this are feveral circles ; the inner- 
«06ft Df which is a drde of dc^ri^ds. The next 
the (fccliptic ^ndi its divinons, with d circle of months 
tlid day^ \ the laft; the points of the coln|m(s. This 
horizon is fuppOirted by 4 feet i ill it are ^ flits to 
rdteive the brazdn meridian^ Whic!h will turn about 
wiihifi theni. Ah k^ur citch with 2 4 hours on it» 
is fixed to the brafs meridian at the north pole 5 the 
h0tfrs of I i being oh the upper and lower parts of 
the meridian ; and kti index go6^ \xf6n the wire, 
which turns found as the globe titir ns, and fhews. 
Ihehcursi There is a quadfmtt i^f altitudiy this 
turns round at the aenith, fixed there by a nut and 
a fi^rew, where its center of motion is ; it is divided 
fffto 90 degrees, ff*6m the horizon. There is a 
b?afs femicircle called the Smidrcle $/ P^fifion^ di- 
vided into 1 80 degrees, whofe ends are fixed t6 
the ilorth and fotith poiftts, . but may be taken o#, 
jand applied as thei^ is occafion. There is alfo a 
mariner's compafs on a pedeftal below the globe. 
The tropics and polar circles are drawn upon tht 
globe* The equinoiftial and ecliptic arc divided 
/: intoi 
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into 3,6p degrees, beginning at the interfeftioii} 
where the ecliptic running eafttvard^ draws towards 
the north pole^ Thq <eclipiic is aUb divided into 
f 2 figns, and each figil into, ^o degites^ 

Upon the.fuffai^e^f thie;terneftrialglobe, are def* " 
crlbed all the countries and iflands in the known 
world, and the feas adjoining ; in thehr true 'pro« 
portions and fituations as the places lie; every 
place having its proper Ic^dgitude and latitude ; to 
diftinguifli which, meridians are drawn thro' the 
|}oles at every 15 degrees dlfhtnce ^ and parallels 
at every ten degrees diilance flrom the equator^ 
The firft meridian ufed to be drawn thro* the ifle 
Fenfo^ Of the i^^eftermoft part of Africa. 
. Upon the! furface of die celellial globe, are 
drawn the ecliptic and its parallels at iti degrees 
diftaiice i iii* cifdei of longitude thrrf' the polei 
0£ die eetiptic, at lb or 15 degrees diftance fr6tn 
CM ^o^her. The ecliptic is divided into 1 1 fignS, 
<Oumbei?ed eaftward from the interfeftion of it with 
the equator. Upon die furfa^e of this globe are 
drawn all the conftellatioH^ in the heavens ; with 
all the ftars belonging to each, every one in its* 
proper l6ngktide, latitude, and magnitude, as 
jhey are in th^ heavens. All the celeftial bodies 
being placed upon the commonfurfaceof the globe, 
will have the fame appearance, as the furface of 
the ftarry heaven, to an eye placed without it. 

The motions peculiar to the globes are thefe. 
The pole may be elevated to My height, by turn- 
ing the brafs meridian about, within the notches 
. or the horizon, till the degrees required touch 
the hoi^izontal plane. Likewife the globe may be 
turned round upon its axis, or upon the two poles ; 
till it revolves thro' any number of degrees,, coufit* 
ed upon the equinodial, at the brafs meridian. 
And if the index of the dial-plate be fet to 12, it 
will move along with the globe, and Ihew the hours 
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. cdrrefponding to that moti<xi. By help of the 
magnetic needle, the globe may be fet north and 
fouth, having proper regard to the variatioii. The 
quadrant of altitude iet to the vertex, or any other 
point, is moveable round about, and {o may be ap- 
plied to any point of the globe. By thefe motions 
the following problems are fblved* ^ 

P R O B. I. 

7i Testify ibe^lois^ ^fft it in tie fame fqfijion at 
the earth iff elf ^ is in. 

'. ' 

Place the globe level upon^ 9 horizontal plane t 
^nd by the help of the box and compais fet it north 
and fouth* 

In north latitude^ raife the north pole above the 
horizon, equal to the latitude of the- place; which 
is done by moving the brafs meridian along the 
flits in the horizon, till the upper edge cut the 
degrees of latitude upon the niendian y there Iff, it 
reft. If you are in Jbuth latitude^ you muft iNufe 
the fouth pole as much. ^ 

Reckon your latitude from the equino&ial to-^ 
wards the elevated pole, and that point is the ze- 
i\ith. There fix the quadrant of altitude with the 
fcjpew, that the graduated fide may be cloie to that 
point. 

Turn the globe, about its axis, till the place yoa 
, live in comes under the brafs meridian. TJien the 
globe is in the fame pofition as the earth. 

Bring the fun's place in the ecUptk> to the brafs. 
meridian, and fet the hour index to 12 o'clock at 
noon. Then the globe is reftified to the place of 
the fun ; and is in the fame pofition as the heavens,, 
at 12 o^clock. 

PRQBU 
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P R O B. II. 

■ 

^0 find the pkee, and the right afienfionand decli-^ 
nation of the fun^ for anj time given. 

' ' "* 

Look in the circle of months and days, for the 
time given ; againft it in the ecliptic circle, you 
vrill find the fun's place. Seek his place in the eclip- 
tic upon the glob^ and bring it to the brais meri- « 
dian. Then count the degrees on the equator from 
the beginning of Aries to the meridian, and that 
is the fun's right afcenfion. Likewife reckon the 
deerees of the brais meridian between the equinoc- 
tial and the fun's place -, and you have the fun's . 
declination \ which will be north or fouth, accord- 
ing as it is towards the north or fouth pole. 

Cor. Jf the globe he reliified for the place^ the 
fun*s meridian altitude may be found. 

For having the fun's place, count the degrees 
from thence to the horizon, and that is his meri* 
dional height. 

P R O B. III. 

On a given ^^y, to find the time of fun-rife and 
funrfet^ the furls oblique afcenfion and defcenfion^ length 
ef day and nighty and his amplitude. 

Find the fun's place upon the horizon for the 
given time, and leek it in the ecliptic on the 
globe. And the globe being reftified to the lati- 
tude, briiig the Ain's place on the ecliptic to, the 
trafs meridian. The globe retting there, fet the 
hour index to 1 2 o'clock. Then turn the globe 
about eattward till the fun's place be in the eaftcrn 
part of the horizon, and the index will point the 
hour of fun-rife. Alfo if the globe be turned the 
other wayy till the fun's place be in the wcftern 

horizon^ 
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horizon ; the index will point to the hour o( (uti'^ 
fetting. 

The length of the day is had by doubling the 
time of fun-fet, and the length oi the night by 
doubling the time of fun-rife. r 

When the place of the fun is brought to the 
caftem horizon, mark what degree of the equinoc* 
tial is alfo in the eaftem horizon i and that is the 
fun's oblique afcenfion* Aifo the fun's place be* 
ing brought to the weftem part of the horizon; 
the degrees of the equtnodkial cut by the horizon, 
fliews the oblique deiccnfion of the fun. 

Reckon the degrees between the eafl: or weft 
point of the horizon, to the fun's place, brought 
to the horizon ; and that gives the eaftem or wef* 
tern amplitude; which will be north or fouth^ 
according as the declination is north or fouth. 

Cor. Hence the time of fun-rifing^ and the length 
of the Isngeft day may be found. 

For if the ift point of Cancer be brought to 
the horizon, the hour index will point to the hour 
of fun-rifmg, from whence the length of day and 
l>ight may be found. 

P R O B. IV. 

Having given the hour of the day at one flace ; tf 
find what o'clock it isy at any other given flace* 

Bring the place you are at to the meridian ; fet 
the index to the hour given. Then turn the 
globe about till the other place comes to the me- 
ridian ; and the hour index will (hew the hour, or 
what o'clock it is at the other place. 

Qor. ^he difference of the longitude of tbefe two 
f laces may then be found. 
For it the difference of the times be convert-i. 
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ed into degrees, allowing 15 degrees for an hour^ 
the refult will be the difference of longitude. 

P R O B. V. 

To find the place where the fun is "Verticajy at any 
given time. 

The time being given, the fun*s declinat;ipQ is 
had by Prob. II. pring the place where you: live^ 
to the meridian \ fet the index to the given hopr of 
the day. Then turn the globe about till the index 
points to 12 oMock at nopn. Then feek the de- 
clinatipn on the meridian, and the point under it^ 
is the place where the fun is in the zenith, . 

Cor. I . Hence all the f laces where the fun is rijlng 
crfetiing may be found. 

For u a great circle be fuppofcd to be defcribed 
at 90 degrees diftance from the place found, it 
will be the circle terminating light and darknefs 
upon the earth. And then the fun is either rifin^ 
or ietting in all the .places in this circle. 



Cor. 2 . jind hence may he found all the places 
the fun is rijing^ fetting^ culminating^ Csf f . 

For if the globe be rectified for that laft place, 
the fun is then in the zenith -, and therefore all the' 
upper hemifphere is enlightened, and all the Iowcf 
hemifphere is in the dark. And the horizon is the 
boundary of light and darknefs, and all the placesr 
on the weft fide have the fun-rifing \ and on the 
caft fide letting. To thofe in the parallel of 1 8 
degrees below the weftern horizon, the day is break* 
ing, and below the eaftern, twilight is ending. To 
thofe under the upper part of the meridian, it is 
12 o'clock at noon. And to thofe under the lower 
part of the meridian, it is 12 o'clock at night. The 
twilight is in all thefe places between the horizon, 

and 
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and the par^lel of i8 degrees below it. And all 
the places below that, have dark night. 

P R O B. VI. 

On a given day^ to find the time of ddj hreak^ ot 
the ei$d of the evening twilight^ for a given place. 

The time being given, the fun's place is had by, 
the circles on the horizon. Then reifcify theglobd 
for the given place, and bring the fun's place to 
the meridian -, and fet the hour index to 1 2 o'clock. 
Then turn the globe about towards the eaft, till 
the fun's place be 1 8 degrees below the eaflem ho- 
rizon \ or which is the fame thing, till the point 
oppofite to the fun's place, be elevated 1 8 degrees 
UDove the weftern horizon ; which may be known 
by the quadrant of altitude fixt to the zenith. This 
done, the index will fhew the hour of day break. 

And the end of evening twilight is found by 
turning the globe weftward till the fun's place be 
1 8 degrees below the weftern horizon, or its oppo- 
fite point fo much above the eaftern. Then the 
indoc (hews the time when this happens. 

- Con I. Hence may he found the length or duration 
of twilight. 

For if the time of fun rife (found by Prob. III.) 
be fubtrafted from the time of day break, what 
remains is the length pf twilight. 

Cor. %. During that fart offummer when thefurfs 
' depreffwn is not fo much as ii defirees ; twilight con- 
tinues all nighty or there is no dark night. 



PROB. 
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PR O B. VIL 

^bi place of tU fun hdng given \ to fbewnt met 
ihe lengfk of th^ day^ and nights, in all places on the 
earth. 

■V ■ I ■• 

The place pf the fun being given, liis declina- 
tion is found, by the fecond problem. Then if ^ 
the globe be fet fo as that the north pole jbe ele^ : 
vated above the horizon, as much as is the decli- * 
nationl Then the fun will be iri. the zenith ; and 
the horizon will be the circle bounding light and 
darknefs. Then it will be evident to vieW, that 
all the parallels of declination are cut by the hori-' 
zon into unequal parts; whereof the part above ' 
the horizon is illuminated by the fun; and the 
part under it .is in darknels. But the upper parts 
of thefe parallels are the diurnal arches, and fliew 
the length of the day; and the under pj^rts are 
tiie nofturnal arches, and flicw the length of the 
nights for that time of the year. 

For as the earth turns round, a place (ituated in 
any one of thefe parallels, will be fo long in the il* 
luminated arch, as is the length of it ; an4 fo Idng 
in the dark part, as the length of the dark arch ; 
the one is day time to that place ; and the other 
is night. And all places in the weftern part of 
the horizon, will have the fun-rifing at the fame 
time ; and idl places in the eaftern part of the ho*, 
rizon, will have him fetting. For becaufe the fun 
fUnds fttU, and the earth revolves towards the eaft, 
the places in the weftern horizon are advancing 
towards the fun, and therefore it rifcs to them. 
But thofe in the eaftem part are leaving the fun, 
and therefore it fets to them. 
, Take any particular place of the earth, bring 
k to the weftern horizon, and fet the hour index 

I to 
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to 12 ; then turn the globe about eaftward^till the 
fame place comes to the eaftern horizon ; and thea. 
the index will (hew the length of the day, 

Hehce it will ^pear disa, aB places^ fituated in 
difierent parallel of Utieude, have their days of 
different lengths, being longer or fhorter in pro- 
portion to the fegment of each parallel^ that is 
above the horizon. Only at the equinox they are 
always of the fame lengdi. All plsEces lA tlie fame 
latitude, liave their days ol die fame lengdi ; bUt 
they begiii fooner or later, as the |mces £e more 
«aftward or weftward. 

Cor. 1. Hence if the poU ie ^ontiimd^ elevated ei 
^greater altiiudes^ as the fuffsdecKnoHtm grows ffre^ 
er\ the gradual increiife and deer eaji of the days «nff. 
appear^ which are made in all places of the world % 
according as greater vr kfer fegments of the parallels 
*ef latitude fiand ahave the horizon. 

Cor. 2>. AH places wbofe eowpkmettt of latitude is 
<lefs than the fuffs dedinationy have continual dsff ; 
when the latitude and declination are both one waj. 
But they have continual nighty if the latihide and de? 
^lination tie different ways. 

P R O B. VIII. 

Airy particular place being given ; to fiew ttt ones 
the length ^f the days and nights^ itt all times of the 
year. 

Reftify the .^obe according to the latitude of 
the place given ; then the parallels of declination 
between the two tropics, will be the feveral parallel 
circles which the fun feems daily to delcribe. Now 
it is plain, whilft he moves (lowly along the eclip- 
tic,- which cuts all thefe parallels; he advances 
' gradi^iaUy from one parallel tp another, ^1 ht comes 

- at 
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at laft to thfc utirioft which b the tropic. The up- 
per parts of diefe parallels, or thofe above the ho- 
rizon, are his diurnal arches ; and the parts be*^ 
Heath are the nodlurnal arches. It is evident then, 
as the fun Advanccs^ towards the elevated pole, that 
the upper parts of thefe parallels grow greater, and 
confequently that the days grow longer, till he 
cotn^ to the tropic. Where the days arc longefti, 
Then returning back, the upper fegtbents contir 
hually decreafc till hi come to the equinodial^ 
which is bifcfted by the horizon, and then the days 
and nights are e(}ual. Proceeding towards the 
other pole, which is below the horizon, the upper 
parts of the parallels grow leis, and the under partf 
greater *, and therefore the days continually fhorten^ 
and the nights grow longer, till the fun comes at 
flwb other tropic, where the days are Ihorteft, and 
the nights longed. And returning back again, the 
days again increaie in the fame manner as they de- 
CTCB&a, And thus the feveral feafons of the year 
are made evident to the fight. How the length of 
the day is to be found, when the fun is in any of 
thefe parallels, has been Ihewn before at Prob. III. 

Cor. I. When Jhe place is under the equinolftah the 
days and nightt ate equal aU the year round. 

For all the parallels of declination are bifeded 
by the horizon. < 

Con 2. In anf latitude i the days in jurnmer are 
equal to the nights in winter^ when the fun has^ the 
fame declination. And the nights in fummer^ equd to 
the days in winter. 

* 

' Cor. 3. 1/ the place he under the polar circle •, the 
hngefi day will be 24^ hours long ; and she long ejt night 
the fame. 

For no part of the fun*s parallel will be then un- 
der the horizon. 

I 2 Cpr. 
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Cor. 4. If the place he fituatei wiibiH iie poI» 
tircUj then in ibe height offuimner the fun never fe$i 
for a emfiierabie time \ nd/r^oes be rife for the fame 
time, in the depth of wititer. And this time is fi 
mmb longer as the place is nearer the pole. 

Cdr. 5. Jf the place h under the pole ; there will 
ie Ht one day and night thro* the whole year. 

For here the horizon coincides with the equinoc- 
tial ; and all the parallels, on the fame fide of the 
equino£tial, are above the korizoni and thofe oa 
the other fide below it. 

P R O &. IX. 

i3iven the latitude of the place^ the futfs place in 
Ibe ecUptiCy and his altitude ; to find the hour of the 
day^ and bis azimuth. 

Reftify the globe to the latitude, ahd zenith; 
;ind bring the fe[n*s pkce to the meridian ; and fct 
the hour hidet to 12 o'clock. Then turn about 
the globe and quadrant erf altitude till the fun's 
. place in the ecliptic fall upon the given degree of 
akitude. Then the index will fhew the hour. And 
^bere the qiiadrant erf altitude cuts the horizon^ is 
the azimuth. 

P R O B. 3t. 

"Given the latitude of the plact^ the boW of the dnj^ 
and the futfs place in the ecliptic -^ to findiiA ^*s 
altitude and ammutb. 

ReAify the felobe for the latitude, and zenith; 
airid bring the lun's place to the meridian, and fet 
the hour index to 12. Then turn the globe about^ 
till the index point to the given hour. There 
let the globe reft j and tum the quadrant of alti- 
tude 
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tilde about till it falls on the fun's place, and the^ 
point where it cuts it^ fliews the altitude* Andl 
where the quadrant cuts the horizon, you.have bisr 
azimuth at that time^, reckoned from the north. 
; If the fup is b^aw the horizoa ; take the point, 
of the eclipti:: direftly oppofite to the furfs place; 
and find, his altitude and azimuth, as if the iun was. 
there. And that altitude will be his depreflion be-^ 
low the horizon y and the azimuth the i^m^ from, 
the oppofite point of the horizom 

And if the azimuth or akitud^ be givjcn, the: 
Kow may be found hy working backwards.^ 

PRO B. XL 



ffavihg given, Ai latitude of tfy placei the fun^P: 

flace in the efMptiCy and Bs azimuth, ^o find bisr 

a/titudey andl tkcbaur i(f the da^. 

.1 

Re&ify the globe to the 1^4tude, and zenith ;. 
andfetthe index to 12 o'clock. Then tura the 
quadrant of altitude till it cut the horizon in the 
jgoint where the azimuth is. Then turn the globes' 
till the fun's place fall upoa the, quadrant *, theo^ 
the graduated edge of the quadrant will fhew the 
altitude,^ and the.mdex will point tp the hour. 

Likewife if the latitude, the fun's altitudoLandl 
s^zimuth be given ; his place in the ecligm may; 
be found,, and the hour, by working bjiqjcwardsk. * 

P RO'B/ xr 

TV jmithe latitude and longitude of a gifofuftan. 

Bring the folflitial cohire to the meridian, and; 
fix the quadrant of altitude over thp. ppk of the 
ecliptic. Then turn about the quadrant till it fall 
upon the given ftarj and the arch of the^ quadrant 
comprehended between the flat and the ecliptic,. 



L .♦ 
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U the ktitjode of the &zx ; and the degree cut cm- 
the ecliptic by the quadrant, w^U be the.ftw's lon- 
gitude. 

If the latitude and longitude of fi fiar be given ; 
the plajce qf the ftar uppp .the globe may be found* 
by working backwards. 

The diirance of two ftars m^ be found on the 
globe, hy ^pp^yuig the (|uadn^^ of altitude ta 
both the ftars ; andreckoning the number of de- 
grees contained between them. 

P R O B. XIII. 

^0 find the rigH afc^$n and decUnaHm of a 
given ftar. 

Bwg ^e ftar to the nleridian ; and the degrees^ 
. of the equinoctial reckoned from the firft point of 
Aries to the meridian, is the ftar's ri^ht aicenfion. 
And the degrees of the meridian contained be- 
tween the ftaf and the equino&ial, is its declination. 

And if the right afcenfipn and def:linarion o^ a 
ftar be given ; its place on the globe m^y be found* 
by working backwards. 

P R O B. XIV. 

Having the latitude of the place^ and the diff ^ 
the month 'y to find the time of the rtjing^ foutbing^ 
and fetting of a given fiau ^d the time it is above 
the horizon. - . 

Reftify the globe for the latitude, bring the 
fun*s place for that day to the, meridian; and fet 
the index to 12 o'clock. Turn the globfi rouncfe 
till the ftar comes to the eaftern horizon, then the 
index will Ihew the time of rifing. Turn the globe 
till the ftar comes to the mcridianj and thp i^dex 

will 
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will IheW the timd of its fouthing, or when it cuU 
minates. Tuta tfrc ^lobe ftill further,, till the ftat 
comes ta the weftcrns horizon,, and the index win 
fiiew the 'time of the flares fcttingV And: the diC- 
tance of time betweeri the riling and fetting, h. 
riie time of continiiarice above the horiason. 

« 

Hav^ the htitude^ the day and hourygvoen\ tm 
find wbiit Jiar is Uj^on tht meruUafias thattitM. And^ 
Sbe-ahtraiyi. - . 

Rcdify the globe ta the tatitudc ; ffnd' the furfs. 
t)tace for i^e day,' and bring it to the brafs merir- 
dian^ aiid:&| ^ hour iMieit to. 12 o'clock* Tfied^^ 
turn leKe gl66e about^ till ibc index points.: to the 
given feour ; and you neiay fee what ftars are. ia. or- 
sear the intridiaft at thtit time. 
' And to i5»d the dAy of the year, any ftafi wiSb 
be upon 1^ nicridian,, at a given houn Brin^ 
the ftar t;o-th^ meridian*, and let the index to the- 
kour ;. and turn the globe till the index points to^. 
I g at iiQQn ; and -the nseridiaA y/ill <:ut the ecliptic^ 
ki the fun^^ .pjiace^. whence the day will be fa\and». 

p liL o B. xvr. 

Having ibi U^titude of the pluce ; to find the oiJiqsie^ 
afcenfion and dejcenfiony Pbe afcenjonal difference^ andi 
jbe ampUsudi of (i given Jiar. 

Iie6ti£y the globe to the latitude, bring tlicftfyr 
to the meridian, and fee the index to i ^ otclock. 
Then turn the globe, tiU the ftar cocpesr to. tttc 
^allern horizon^ apd the dtegree ^f the e^inoc- 
t,k), wIjiqIi is .upoti the hpris^ctfi at th^t timc^ is the- 
oolique^afceniion, a.nd the 4i^&nce of tW point of 
the e(j)uno£tial from* the point of right aiceniion^, 

1 4 i* 



b the aicenfional difference ;• and the ftar beia^ in 
the horizon, its diftance then from the eaft poin^ 
is the eaftern amplitude. : 

Turn the glofce till the ftar comes to the. yrcOxm 
horizon, the diftance thereof fron> the weft pbbt 
is the weftern amplitude. And the point where 
the horizon cuts the equinodial is the oblique de« 
fcenfion. 

p R o B. xvn. 

Given the latitude ^ to fifui she time when txvp 
known Jiars will have the fame azimuth^ and to find 
that azimuth. 

' ■ - '' 

Re&ify the globe for the latitude, .bring the fun's 
place to the meridian, and fet' the index : to. |.2« 
Then turn the globe round with one hand, a^d the 
quadrant about (he zenith with the other, till both 
the ftars fall upon the -edge of the quadrant^ theii 
the index will point to the time,; and the auadrant 
will cut the horizon in the azimuth of botn ftars^ 

Cor. If both ftars have one altitude^ the time mof 
le found. 

Move the globe fo, that the fame degree of the 
quadrant will pafs thro' both the ftars ; then that 
degree fhews their altitude ; and the index fiicws 
the hour when that happens. 

P R O B. XVIII. 

Having the latitude of the plaoej the day of the 
ptonthj and altitude of a known ftar -^ to find the 
azimuth and Jbour of the night. 

Redify the globe for the latitude, and zenith ; 
and bring the uin's place to the meridian, and fet 
the index to 12. Tlien turn the globe with one 
hand, and the quadrant of altitude with t;he other, 

keeping 
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keeping; thQ ftar to the edge of the qu^anli 
move them both till the jftjir falls upon the degree 
of altitude given. Then where the quadrant nieet$ 
i^ith the horizon, is the azimuth of the ftar ^ and 
the index will Ihew ];he time of, night. 

And on the contrary/ wKen the tima b given^ 
the aljtitode may be founds 

PR OB. XIX. 

Having given the latitude of the place ^ the. month 
and day^ and the azimuth of a inoum fiat \ to find 
its altitude^ and the hour of the night. 

Having reftified the globe for the latitude and 
zenith-, &ing the fun*s place to the meridian, and 
iet the index to 12 o'clock. Turn the quadrant 
of altitude round, till it tut the horizon in the 
given azimuth ; keep it there, and turn the ^obe. 
about, rill the ftar fall upon the edge of the qua- 
''drant ; t?hen the degree of the quadrant, where the 
ftar is, {hews the altitude \ and the index will point 
tathe hour. ' . ' 

And by the converfe. of this problem) if the 
tinie be giveiti, the azimuth may he found. 

' •. P, R B. * XX* 

Having the latitude and longitude of any pjamt^ » 
to find the time of its rijng^ foutbing and fetting. 

Find the place of the planet upon the globe, by 
Prob. XII. and there make a mark, or ftick a 
fmall patch. Then reftify the globe, and bring 
the fun'^ place to the meridian, and fet the index 
to 12 at noon.. Then turn the globe about till 
the mark or patch falls on the eaftern part of the 
horizon, and the index will fhew the hour of rif- 
ing ; then turn the globe, till the mark com^ to 

the 
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die meridian, M:d the index Ihewi^ the ioutfiingi 
turi^ the globe ftill about, till the mark comes ta^ 
;ihe weftera horizon i and the indet will Ihew the 
letting. 

p R a B. 3txi. 

^0 jini what ftars mvir fat^ MiwIiatJf^nMiv^ 
Ttfe^ in a place tvbcfe Uuitudc isgivtn^ 

Reftify the globe to the latitiiide of the place;. 
"Whicli Dein^ done, turia^ the globe round ; them 
fucfa ftars as never (kicend. belo>w^ the horizon, in a 
whole revolution of tlie globe y thefe never fet in 
ichat 4atimde, but ^waysiemauv above the horizon* 
Likewiiie thde ftars^thatiiever rile above the woodeas 
^iorizon, in aa entire rcvolioion of the g^be % ne* 
^r rife ;above the hori^oa of the |4ace^ 

Thus: to us living ia north latitode^ the ilais^ 
about the north ^polie never (et, and die ftars abcNitt 
the fouth pole never rife^ and ^thejf ^^le peve^ 
iipen by us. 

P R O B. XXIL 

7*1^ fiadtbe timecf ite cdfimtal ri/hg or f0lng of 
sgivenjtoTj ataffnm-^co. 

Reftify the globe for -the latitude of the pJace„ 
thtn turn the globe about, till the ftar comes to 
^thc caftern part of the horizon, and note the de* 
gree of the ecliptic that is then rifing in the hori- 
zpn. Look for that degree on the wooden horizon,, 
in the ck-de of figns, and againft it in the circle crf^ 
months, you'll find the day when the fui>is in th?i,t 
degree ot the ecliptic 5 and confequehtly, the day 
When the ftar rifes cofmically. 

if the globe be turned, till the ftar comes ta 

. the weft part of the horizon ^ the degree of the e- 

cliptic which is then rifing in the caftern horizon h 

the fun*s place, at the time of the ftars fetting-^ 

This 
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This being found Un- tkeciitji of de^es, gives 
the time in the circle of months when this happens § 
that is» when the ftv fets cofmicialljr^ 

PR o B. xxm. 

In a given fla<€i\ ^ fiidtbt'Hme of ibi acrmcat 
Ttfing andfetHHgiff:^ givofjiar. ' j 



[Redify tjjJE} gtobe £>r the latitude (^ the place ; 
t^n tur/i;$he globe abmit^ tiU the ftat* G6mes to 
the eaftero £idf of thehoiizoii, then the degree of 
the ecliptic .^tt^ig in. the iweftern hori^n^ b^ing 
itound im^e drc^ of degrees on the v^ooden ho«* 
risfon, givqi the titpe in;t&e:oifqte of months, when 
the fun-feo^. or when the fliar rifes acrMiitallly^ 

Likewife tOBning theglo^' atK>ut^ tlU the fbr 
comes to the weftem horizon; the degree oi^ ^ ^€^ 
ecliptic that fets ^tb th?: |la& t)eittg fo^nd in the 
circle of degrees, gives the time ii) the circle, of 
months when the luniets, or iAitn thr fiar fets 
acinnic.aUy. 

PROS. XXIV. 

In ^ givjmfUtcej tajind^thhtime whin a knoijm 
fiar rifes and fots heliacal^. . 

The ftars of feveral magnitudes at their rifing^ 
require the fun to have difiSrent degrees of depr^ 
Hon below the horizon, as follows. 



11,10,11, 5, 10,5. 



Magn. I, 2, 3, 4» 5. 6 
DeprcH 12, 13, 14, 15, 16, 17 

ReAify the globe to the latitude, and turn it 
about tili the given ftar comes to the eaftern fide of 
the horizon. And turn the quadrant (^ altitude to 
the eaft, fo th^t it may cut the ecliptic fo many de- 
grees below th? horizon as its magnitude requires, 
^ut if the quadrant cannot reach 10 far, turn it to 



the wefbl^ide, that it may tXLt the edibtic, & m^ 
ny degrees above t||e horizon ^ isiotr that point oF 
the ecliptic fo cut, and take the .point opjxiiite to it: 
in the ecliptic ; find this oppofite point in the cir- 
cle of degrees^ at^Cag^H^ft... it» in the circle oT 
months, is the day when the fun is fo masy degrees 
iDelow -th^.. eaiftera horizmy iRrhen the ftar Infes ;^ 
and that is the time of die ^^t^s heliacaLrifing. . 

/kgaip, bring the ftar to the weft part of the, 
haFi2j;x)n<i.'<tnidtum ttie quadrant to die caS fide^ 
tiU it Icui^ the ecliptic at a- proper number erf" de- 
gr^cr&^-ajbi^vf <the; horizoa; take ^the point oppofite 
fO(th^V;9ilid find : it in^tbe tircle of degrees; and 
agairv^ it in the ckck of houps, is^t time when 
ih^i^nis in th^t oppofite: point, that is, when the 
fun is jo many degrees below the weftern horiz6i>, 
whf n the fta( ia &ctiog i , and then tl^e ilsir fets he«. 
liaqaUyv .; r 

FR® R XXT. 

^ojbew all she placfs jm the earth where the 
eclipfesof Jupiter^ i ^ateUitei are vifihUy at. otQ givem 

time. . . • ^ 

Find the place on the earth where the fun is 
vertical at the time of an cclipfc, by Prob. V. brings 
that place to the zenith, and fet the index to I2. 
Then -if Jupiter rifcs after the fun, draw a line on 
the ^lobe along the eaftern fide qf the horizon,, 
with a black lead pencil. This line paflcs over alt 
places ^^here the, fun is then fetting. Turn the 
globe weftwards, till it revolves, thro' as many de- 
grees, as is the difference of the right afcenfions 
of the fun and Jupiter •, ftay it there v then bring 
Jupiter's place to the zenith, keeping the globo 
from revolving. Then draw another line upon the 
globe along the eatterji fide of the horizon; then 
at al) the places contained in the fpace betw^eo 

theft 
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thefe two lines^ iKc cclipfe will be vifible. And 
that is from ftwUf^ to Jupit3er*s letting. • • 

If Jupter rtfcs before the^un', bring the iplace, 
where the fiin' is wrtical, to the zenith. Dfswv a 
line on the weft fide of the globe, by the weft fide 
of the horizon. Then let the globe revolve eaft- 
wards, thro* an arch equal to the difierence of 
right afcenfions ; and there ftop the revolution, and 
Ining Jupiter*s place to' the zenith. Draw another 
Bnc along the weftern fide, by the horizon.. Then 
the fpacc between thefe two lines will contain all 
tJtip places of theearth, where. the eclipfe i§ vifiblfef 
^om Jupiter's rifing to fiin rife. 

P S.OB. XXVI. 

To find all ^he cufps of the celefim boufis for an^ 
^iven place und time. 

-. Heftify th* globe according to the latitude, bring 

the fun's place to the meridian, and fet the index 

to I a o'clock. Then turn the globe about, till the 

inde:K point to the time given. Then fix the fcmi- 

circle of pofition to the nieridian, at the north and 

ibuth points of the horizon. Then froin the fouth 

or culminating point of the equator count 30 and 

60 degrees eaftward 5 bring the fen^icircle to thefe 

divifions, and Where it cuts the ecliptic, will be 

the cufps of the iith and 12th houfes; bring 

the femicirclc to the weftern fide, and reckon 

30 and 60 degrees from the culminating point,' on 

the equinoctial ; and making the femicirclc to pafs 

thro* thefe points ; where it interfcds the ecliptic, 

will be the cufps of* the 9th and 8th houfes. And the 

meridian cuts the ecliptic above in the cufp of the 

loth houfe, and below in the ciifp ojf the 4th houfe. 

Attd the' horizon cuts the ecliptic, on the eaft, in 

the ciifp of the i ft hgufe i and on the weft, in 

> the 



126 y S B OF 

die cufp of the 7th hou& L3f%> tbe:2<l and 3d 
are oppofite to the 8th and pth^ and the 5th and 
6th oppofite to the nth ami Xith^ And fo the 
cufps of all the houfes are founds which muft be 
fet down on paper. 

1 

P R O B. XXVII. 

3V reprefent the face of the hea'bens^ or to fiem 
the Jituation of all the cehfiial bodies for awf time 
and place given. 

' Redify the globe for the given latitude, £nd the 
fun*s place for that day, and bring it to the meri- 
dian, and fet the hour index to 1 a o'clock ; like- 
wife place the globe by the compafs, that the me- 
ridian may point north and fouth. Then turn the 
globe about, till the hour index point to the given 
time ; then the globe is in the fame fituation as ihS 
earth and heavens. Therefore the globe refling 
liius, ^ 

All ilars in the eaftem part of the horizon are 
rifing, and thofe in the weilern fide are fetting. 
^1 ftars under the brafs meridian are foUth or 
culminating, and ]w& io they are in the' heavens. 
. All Itafs on the eaft of the brafs meridian on the 
globe, are eallward in the heavens ; and all on the 
weft fide, are weftward in the heavens. The quadrant 
of altitude laid over any Kar, ihews its altitude and 
azimuth, juft as it is in the heavens. 

If the fun fhines upon the globe, it will illumi- 
nate it jult as the earth is illuminated. And right 
lines drawn from the center of the globe thro* each 
ftar,^ will produced pafs thro* the real ftiars which 
they reprefent. And if the quadrant erf altitude 
be laid over any ftars on the globe, its plane pro- 
duced will pafs thro* the fame ftars in the heavens; 
So that the globe in this pofition }% a true picture; 

of 
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t)f the heavens. Thus you may obfcrve the north . 
ftar and great bear have, like fituations. That the 
feven ftars on the globe, and inihe heavens, are aUke 
fituated. The like for Oriotfs Girdle, Caffiopeia, 
SyriOs, Lyra^ .&c or any jraa h»^ a mind ^ ob- 

This problem is very ufeftil for finding out the 
conftdltcnMU, and the fevcr^ fta» contained in 
tbcmi by obf^nrkig how thiey li& in triangles, 
fquat^, or right lines, in refpe& of one another. 
By tlus means one may fooh come to be acquainted 
vixb all the ftsus m faesaren. 



SECT. 
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SECT. IV, 

■ • • • . t . 

* - • 

7& DetermimUion of the. Magnitude 
.and Situation of the Orbits of the 
Earth and PlanetSt their periodical 
Ttmes ; the Places of the Stars ; and 
all fuch ^ronomical Matters as de- 
fend upon Obfervationi, This cmr 
tains the Elements of Aflronomy, 



-* 



DEFINITIONS- 

D E F. I- 

Fig. npHE Orhft of a planet N, is the curve line or 
29^ X ^^^ ^t dcfcribcs about the fun, in the cen- 
ter of force, or ABPDA. This traft or path of 
a planet, in the earth and all the planets, is an el- 
lipfis ; where the fun at S is placed in one of the 
foci, 

D E F. 11. 

ne Affiles are the two points of the orbit A and 
P, which are placed at the ends of the tranfverfe 
axis AP, which is called the line of the apjides. 
The point A which is furtheft off the fun is called 
the aphelion or the higher q^fis. The point P which 
is neareft the fun, is called the perihelion or Umer 
apft$. 

D E F. III. 

The Excentricity\ is the diftance of the focus 
from the center, SC. This is very little in all the 
planets. 

DEF. 
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Fig. 
D E F. IV. ^9- 

The mean diftance of a planet, is the line SB, 
drawn from the focus S, to the end B or D of the 
conjugate axis BD. This line SB is equal to half 
the tranfverfe axis AC or CP. 

D E R V. 

The periodkal timf, is the time of a planet's def- 
cribing its orbit ; till it return to the fame point 
again, where it begun. 

D E F. VL 

The nodes of any orbit, are the points where its 30/ 
jdane cuts th^ plane of the earth's orbit ; fuppofing 31, 
them both produced to the fixt ftars. 

For aftronomers fuppofe the orbit of the earth, 
or the plane of the ecliptic, to be a fixt plane, 
to^ which the planes of all other orbits are to be re- 
ferred, as to a common ftandard. For the planets 
move in orbits, whofe planes are all difierent from 
that of the earth, and from one another. And 
the fun being in all thefe planes, they muil cut 
one ^another in lines puffing thro* the fun. Thus if 
ABG be the earth's orbit, HFI the orbit of a pla* 
net cutting the earth's orbit in the line FG, Then 
F and G are the Nodes', and FG Jbe line of ibe 
Nodes. 

It is evident the orbits of the planets will cut 
the earth's orbit in different lines, as they are all 
in difFercnt planes. Therefore each .planet will 
have its own nodes, and line of the nodes. Thafc 
node thro' which the planet paiTes towards the 
north pole, is the Afcending Node ; and that thrp* 
which it 'moves towards the fouth pole, i$ called 
its Defcending Node. 
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^'^' D E F. VII. 

The inclination of a planet's orbit, is the angle 
which the plane of it makes with the ecliptic, as 
LGH. This is meafured by the arch of a circle 
LH, at a quadrant's diftance from the nodes. 

D E R VIII. 

Elongation oTz planet, is the angle between the 
fun and the planet, taken at the earth. Or the 
angle between the fun and place of the planet, re* 
duced to the ecliptic. 

D E R IX. 

Parallax^ is the difference between the real and 
apparent place of a planet; or when it is feen 
from the center of the earth, and from fome given 
point in its furface. And the annual parallax^ or 
parallax of the earth's orbit, is the difference of 
the places of a ftar, feen from oppofite points of 
the earth's orbit. 

D E F. X. 

The moon's apogee and perigee^ are the points 
where the moon in its .orbit^ is furtheft from, and 
neareft to the earth. Thefe anfwer to the aphelion 
and perihelion of a planet, 

D E F. XI. 

The moon's fynodic revolution^ is the time of its 
revolution, from conjunftion to conjunftion with 
the fun. 

DEF. XIL 

The fyziges of the moon's orbit, is the points 
where a line, drawn thro' the earth and fun, cuts 
it. Thefe are the points of conjunftion and oppo- 
fition. . V 

■^ \ t)EF, 
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Fig. 
D E F. XIIL 

The quadratures^ are the points of the moon*a 
^rbit, which are at a quadrant's ^diftance from the 
iyziges, or from the conjunfltioii and oppofition. 
And the oSants are in the middle between the fy- 
zlges and quadratures. 

The matters treated of in this fcAion, are fuch 
fts depend merely lipoii oWervation^ or of that 
and a little geometrical realoning. Which things 
being fettled, are a foundation for all calculations 
in Aftronbmy. And as nothing is to be done 
"without knowing the latitude of a place, and hav- 
ing a meridian litie^ T flxall begin with finding 
llhefe. 

PRO B. I. 

To finStbelaiiiude of a place* 

Take a qftadrant, the larger the better ; thendi- 32; 
Teft it to the pole ftar, and take its altitude when 
it is at the higheft, which is knoWri by continuing 
your (^fervations, till it begin to defcend. And 
about 12 hours aftef, take the altitude of it when 
it is at the loweft, as before for the higheft. Then 
,half of the fum of thefe two altitudes, is the 
height of the pole, OP^ above the horizon HO. 
And that is the latitude. 

For if EC be the" equinodlial, HO the horizon, 
Z the zenith ; then the ai*ch EP is 90 degrees, and 
the arch ZO is 90 degrees alfo •, therefore taking 
away ZP, the arch EZ^ or the latitude, is equal 
to the arch PO, or the height of the pole. 

Inftead of the pole ftar, any other will do, that 
is out of the power of refraction* 
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^^g-' 2 Way. 

3 J. Near the top of a wall or of a poft, put in a pin 
B \ and another in a Mock at A, near the earth, 
to be mbved back and forward at pleafure. Then 
by the right afcenfion of the flars, find by a table 
when the pole ftar is at its higheft. When that 
happens, place the block fo that the pins A and 
B may be in a direft line with the pole ftar. If it 
be dark, caft a light upon A and B with a candle* 
Let it reft till day light. Then hang a line afld 
plummet BD, from B, in a veflel of water D^ to 
make it reft fteady. Then take a long rule, and. 
apply one end to A, where make a mark \ and at 
the fame time apply the other end to the point B, 
which point mark alfo on the ruler. Agaift apply 
the firft mark to A, and apply the rule to the line 
BD, at C its neareft diftance, and there put in a 
pin. So you have the hypothenufe AB, and the 
bafe AC, fet out on your rule. Then to mcafurc 
them, extend a thread between the marks on the 
rule, that you may meafure flreight, by the thread. 
Then open the compafles to 6, or any number ot* 
iifiches exad ; and meafure the' niinlber of fpaces^ 
(or lengths ^f 6 inches) from A to B, and A to C 
on the rule^ keeping clofe b^ the thread ; and 
-what remain^ take off with pother pair of com- 
paflts, and apply to the fcate; fo you have the 
meafures of the hypoj:henu& ijlnd bafe in inches. 

At 12 hours-dmance, T^o muft repeat the fame 
ojfjcration quite rhro*. Tken you will have ano- 
ther hypothenuit and bafe . Then in thefe two tri-*' 
angles, find the angk A at the bafe of each. And 
half the fum of the afi^^es is the latitude. 

Note, this muft be nXotit in a calm place, where , 
there is nothing to ^iifturb the experiment. And 
the longer the aiik^ f^Qt hlS^ is, the exafter will the. 



woikbc. 
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Alfo if you know the declination of the pole. Fig. 
ftar at that time, you need but find one triangle^ 33.' 
ABCi For if the ftar was at the higheft, you have 
nothing to do but fubtraft the complement of ita. 
declination from the angle at A, for the latitude i 
or add it, if the ftar was at" its lowcft. 

3 ff^ay* 

If the fun's declination be known at that time ; 32> 
take his meridian altitude, which you may know, by 
continuing the obfervation till he begins to defcend. 
Thm if the declination be towards the elevated 
jk>le, add it 10 the complement of the jiltitude, 
for the latitude of the place. But if the declina- 
tion be contrary, take the difference between the 
decUnation and the complement of the altitude, f^ 
the latitude. 

Cor. I* ^be heigbt ef the pole is iqunP^ the laii-*- 
iuik of the place 5 or PO = EZ* 

Cor. 2. ^be beigbt of tbe equino3ial EH is equaif 
to the complement of the poWs elevation PO. 

Fqr EH is the compkment of E25, or its equal 
PO. 

P R O B. IL 

^0 dnfw a meridian line in any. fface^ 3^' 

Upon a plain board, fet parallel to the horizon, 
defcribe a circle ABF. And upon the center C 
eredt a ftile or gnomon, cxaftly perpendicular to 
it, and fo high, that tlic top of the Ihadow there- 
of may fall upon the circumference of the circle 
about the middle of the forenoon. Marie the point 
B exaftly where the top of the fliaddw falls in the 
forenoon. Likewife mark the point F where the 
top of the ihadow falls again on the circumference. 
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Fig* in the middle of the afternoon. Then thro*^ the 
34. center C, draw yxt line ACD bifedin^ the arch 
BF. Then AD U the meridian required. 
. It will be proper to draw feveral conceiitric cir- 
cles, and to make obfervation with them all, that 
they may confirm one pother. And if the fun 
happens to be clouded in one, it may anfwer in 
another. And will be beft fo make the obferva- 
tion about the folfkices, when the fvjin does not al- 
ter his declination fenfibly. Aad the fummer fol*-^ 
ftice is to be preferred. 

It is evident the fun is higheft when in the me- 
ridian ; and at equal diftances therefrom, has equal 
altitudes. Therefore when the diftances DB, DF 
are eqijal, the fliadows CB, CF will be f^quaU and 
therefore the alt^itudes equsd. And thie contrary. 

^5. Haiig up two threads and plummets AB, CD, 
at a good diftance, in veflels of water, to keep 
them fteady 5 of which CD is moveable towards the 
left and rig ., upon a pin C. Wait till the pole 
ftar E, and the ftar Alliot F (in the great bear's 
rump), come into the fame plumb line AB, to an 
eye placed at I. At that inftant (or rather before) 
move the thread CD alfo into the fame line ; fo th;at 
the thread CD may hide the thread AB, and the 
pole ftar E from the eye at L Then the plane 
ABCD is the plane of the meridian ; and where it 
interfe£bs the horizontal plane, is the meridian line. 
And the fame may be done with the ftar called 
Cafllopeia's hip. 

Note, to take away the ftars rays, look thro* a 
fmall hole in a thin plate, ^nd this muft be per- 
formed in a calm place. 
3^' If you would have a meridian drawn in fome 
other place, let the threads and plummets AB, 
CD, remain; and hang up two others ab^ cdy in 

the 
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the place propofed^ letting at^ be moveable upoa Fig. 
a pin at a. Then wait till any ilar as G comes la- ^^ 
to the plane ABCD, to the eye at H •> and at that 
inftant, move the thread aby till the fame ftar G 
fall in the plane aicdj to the^eye at hi then ahdi 
is the plane of the meridian. This is beft done by^ 
help of an affiftant. 

This method will in time deviate a little from ih^ 
truth, occafioned by the ftars changing their places ^ 
but that change is very inconfiderable m a few years.w 

3 fFay. 

If you have a clock with minutes and feconds^ 
Find the northing of the ftar Allioth F, by the 
agronomical tables ; and wait till you find the pole 
ftar £ and F, in a plumb line. At (hat inftant, 
iet your clock to the faid time of northing. And 
next day at 12 o'clock, you may draw a meridian 
line, by the fhadow of a plumb line hung in the fun. 
Or you may find the time of fouthing of any other 
ftar G, and the clock remaining as before, when: 
(he (hews the time of fouthing, place the threads. 
abj cdj fo that the line Gb may p^rfs thro* theniv 
both. Then akd will be in the plane of the me-^ 
ridi^. 

Scholium.. 

If any one is dcfirous to know how much the 37^, 
azimuth of thefe ftars diflFers from the north, when 
in a perpendicular line •, he may find it thus by 
fpherical trigonometry. Let Z be the zenith, P the. 
pole, * the north ftar, and S any other known ftar. 

Then in the triangle SP ♦ , there are given two 
fides SP, P*, ar¥i the included angle at P,. to, 
find the angle at :¥ • 

Again< in the triangle ZP*, there willbe givent 
two fides ZP^ P *', and an oppofitc angle . at' * ;\ 
to find the other oppofite angle PZ ♦ , the a2;imutht 
from the north, as required. 

K Ai Aiidi 
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Fig. And likcwife the time or the angle ZP * or 
^y. ZPS, may be found. And thus the meridian line 
may be corre&ed at pleafure. 

P R O B. III. 

To find the eiliquity of the ecUptie. . 

1 PTay. 

Take the fun's meridian altitude at both the Ibl- 
ftices. Subtraft the Icffer from the greater, and 
take half the difference, and this is the obliquity of 
the ecliptic. This is fuppofing the fun is on thfi 
fame fide of the zenith, at both obfei'vations ; but 
if it lie different ways, add. the complements of 
the two latitudes together, and take half the ium 
for the obliquity of the ecliptic, or the angle it 
makes with the equinoftial. For this half diffe* 
rence or half fum is the meafure of that angle. If 
one of the obfervations.be made when the fun is 
low, regard mud be had to the refradion, and that ' 
altitude muft be diminiihed as much as the refrac'^ 
tion comes to. 

2 fFay. 

If you have the latitude of the place, take the 
meridian height of the fun at the fummer folftice, 
fubtraft the complement of this from the latitude 
of the place ; or which is the fame thing, fubtraft 
the height of the equinoftial from this njeridian al- 
titude ; what remains is the fun's greatefl declina- 
tion, or the obliquity of the ecliptic. 

If the pbfervation happens not to be made pre- 
cifcly when the fiin is in the folftice ; yet that makes 
no fenfible difference ; for if the moment of the fol- 
ftice happens to be at midnight, which is la hours 
diftance, yet the error will be only 4 feconds. 

To get the obliquity of the ecliptic with fufficient 
ciaftncis J obfervations (houjd be made with great 

^ . care 
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care every year, for a long time, and with large Fig* 
and accurate inftruments. By comparing the ob- 
fervations of the ancients with the modern ones, it 
appears that the obliqiiity has been continually de- . 
creafing ; and it is found now to be fcarce 23 de-> 
grces 29 minutes. 

', PRO B. IV. 

To find the time of the furfs hang in the equator. 

Having the latitude of the place, and confe- 
quently the height of the equator % watch carefully, 
and make obfervation of the fun*s meridian altitude, 
on thefe days when it is equal to the height of the 
equator, or nearly fo. Then if it happen that o|i 
any day at noon , the obferved meridian altitude is 
juft equal to the height of the equator, or the com- 
plement of the latitude -, then the fun is in the e- 
quator that day at noon. But if it is greater or 
lefler, you muft obferye another day either before 
or after i fo that on one day the meridian altitude 
Iftay be lefs, and the day aiter, greater, than the 
height of the equinodtial •, or alfo that on the firft 
day it may be greater, and on the next day lefs. 
Then you have no more to do, but to divide the 
time between thejn (which is 24 hours) in propor- 
tion to that excefs and dejfedt ; and taking the time 
\ required, nearer to the time, where there was the 
leaft difference of declination* For the time re-^ 
quired is evidently between the lines of the two 
obfcrvations. 

By a like method, the time may be found, when 
both the altitudes are lefs, or both greater than 
the height of the equinodlial. And then the time 
of the equinox will be after or before both the ob- 
fcrvations. 

Care muft be taken that the refraction be allow* 

ed 
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Fig« ed both in the meridian altitudes, and in the height 
of the equinodial ; or elfe m neither of them. 

P R O B. V. 

To find the length of the yeat. 

Find the time of the fun's entering into thee- 
quator by the lail Prob. either at the vernal or au*- 
tumnal equinox. Again, the next year, find ia 
like manner the time of his entering the fame equi- 
nox. Then the diftance of time between them is 
the length of the year. This is called the tropical 
year J, becaufe in that time all the feafons return a- 

{rain in the fame order for ever. This is fomething 
cfs than the fydereal year \ or the earth's periodic 
time, occafioned by the preceffion of the equmoxes. 
But fince the taking two years which fucceed one 
another, may be liable to fome error, and there- 
fore not exaft enough ; it will be better to take 
two fuch equinoxes as are at the greateft diftance 
of time from one another 5 fo that the error, di- 
vided into fo many parts may become infcnfible. 
Then this time divided by the number of years or 
revolutions, will give the time of one. By this 
means the length of the tropical year is found to 
be 365 days, 5 hours, 48 minutes, 57 ieconds. 

Cor. I . Hence the time of a fydereal year^ or the 
earth's periodic time may be found. 

For this is the time of (the earth or) the fun's de- 
parting from any ftar, and returning to the fame 
again. And is found like the former, by taking 
the time between leaving any ftar and returning to 
it again, for a great many years ; and dividing it by 
the number or years, gives the length of one year. 

Or it may be found by comparing the place of 
a fixed ftar, where it was ouny years fince, with 

its 
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its prefent place ; and from thence finding the an* Fig* 
nu^ preceffion of the equinoxes. This arch re- 
duced to time^ and added to the tropical year, 
gives the fydereal year. This preceiBon of the equi- 
noxes is found to be 50 feconds yearly. And from 
thence the fydereal year is 365 days, 6 hours, 9 
minutes, and 14 ieconds. * 

Cor, z. By the fame rule^ nur^ the time between 
the vernal and autumnal equinox be found ; and Hie^^ 
wife between the autumnal and the vernal equinox* 

For by taking the times between two iucceeding 
iblftlces, as dire£ted above, it appears bv many 
obierv^tions, that the time from the vernal to the 
autumnal equinox, is 1S6 days, 12, hours, 29 mi* 
nutes, 30 feconds. And from the autumnal to the 
vernal equinox only 178 days, 17 hours, ^ip mi- 
nutes, 30 ieconds. So that die fummer halt year, 
exceeds the winter by 7 days,/ 19 hours, and 10 
minutes, 

PR OB. VI. 

^0 determine the time of either folfiice. ^8. 

Let AD teprcfent a very finall part of the tro- 
pic, and AL a like part of the ecliptic ; draw AH 
perpendicular to AD. Let the iftiade of the top 
of a tower or a high wall, fall upon the line AH 
placed north and fouth ; and let the extreme points 
of the fliadow be obferved three times about the 
folftice, or within 5 or 6 days thereof, and let thefe 
points be accurately marked, in the line AH. Sup- 
pofe thefe points of the fhadow to be at F, G, M. 
Draw FI, GK, HL, parallel to AD, to cut Ae 
ecliptic in I, K, L ; and draw IB, KC, LD per* 
pendicular to AD. . 

Now the motion of the fun in the ecliptic, about 
the time of the tropics, is very near eqtjaWe for. a? 

few 
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Fig. ^^^ cl^ys* And fince the part of the curve AL is 
38. very fnialU and very nearly cx>incides with a circle 
or parabola ; therefore the fubtenfes BI, CK, DL> 
of the angle of contaft DAL, are as the fquares o^ 
the lines AB, AC, AD. For this is the properq^ 
of the parabola. 

Therefore fuppofe A to be the point of the tro- 
pic I then B A will reprefent the time of moving 
thfo* lA, CA the time in KA, and DA th)^ time 
in LA. And there are given the difiereoces of 
the tithes when the oblc^rvations were . made ; that 
i$, there is given DC, and CB and DB ;, and alfo 
FG and FH. Then put AB = ;r, AF or BI =jr, 
DB = tf, CB = *, FH = r, FG = d^ then will 
AH or DL = r +^, AG or CK = i + y, AC = 
i + Xj AD = a +x. Then we ftiaUhave BI (y) : 

CK(d + y):: AB* (xx) : AC* (TT^\)Yfh€ncc 
ixx + yxx = bhy + '^ixy + x^,, and dxx = bby 

dxx 
+ 2%, whence jr = j^-^; 

Again, BI (j) :DL(c +y):: AB* (**) : AD* 
(a +x )i therefore cxx + yxx iz aay + laxy 

xxyy and cxx zzaay + laxy^ whence y = 



aa + lax 
dxx c d 

= bb + zbx' ^^ Trr^-jr+jTx' ^^ 

multiplying, bbc + ibtx = aad + ladx^ reduced. 

aad — bbc 
X =: / t» which is the time between the 

laft obfcrvation at F and the tropic, which here is 
fuppofed to be after that obfervation; but if x 
icome out negatijre, then the tropic will happen 
before the obfervation at F. And if G or H lie 
upward from F, dor c will be negative. 

To make thefe obfervati6ns to the beft advan- 
tage, the top of the building that calls the fiiade^ 

ftiould 



cxx 

i 
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fhould be very ftrcight and even, fo as to caft a Fig, 
true fhade. It it is not, fomething may be placed 38. 
upon it that will do it. And the plane ALH. on 
which the Ibadow falls, fhould not be too oblique 
to the fun's rays. And becaufe the penumbra is 
apt to confufe the fhadow, fo that its termination 
cannot be diftindly made ; therefore it will be pro- 
per to tranfmit the fun's light thro' a fqlar telefcppe, 
and then the limit of the madow will be exadly had. 

Cor. If the ohfervaiiims are made at times equidif- 

tant ; then x zi j b. 

For then BC = CD, or ^ =: ^i — ^, and a rr 

. 4bkd ^ bbc 

2b ; therefore cxpungmg a, x zz ^^^ ^ ^^ = 

j^d — be 
£f — 41/ 

P R b B. VII. 

"To find the excentricity of the eartVs orbit ^ and iti 
f<irm* 

I Wi^. 

If the motion of the fun be obferved in the e- 
cliptic, it will be found fometimes to move flower 
and fometimes fafter ; and fometimes to appear 
bigger and fometimes Icfs. Therefore make feve- 
ral obfervations, when he is about the aphelion, 
and take his apparent, diameter, fo often, till you 
find it the lead poflible. At half a year's diftance, 
when he is about the perihelion, obferve his appa- 
rent diameter again feveral times, till you find it at , 
its greatieft ; thefe diameters muft be taken very 
exactly. 

Then thro' any point S, which fuppofe the fo- 39^ 
cus of the orbit, or the place of the fun, draw a 
line PSA, and from S, take SP to SA, as the leaft 

apparent • 
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Fig. apparent diaiiieter of the fun, to its gitstteft ; and 

39. A and P will be ^heUon ^md periheuon of its or- 
bit. Then make SC and CF equal tb half the dif- 
ference of S A and SB $ and F vrSi be the other 
focus, and C the center. And th^ eHipfis ABPD 
defcribed to the foci S, F, will be the K>rm of the 
orbit. For the diftance is reciprocally as the appa- 
rent diameter. 

2 Way. 

Obfenre with a telefcope and micrometer what 
the apparent motion of the iun is when floweft, and 
(half a year after) how much the apjparent mo- 
tion is when fwiftcft. Take SA to SP, as the 
fquare root of the fwifteft motion, to the fquare 
root of the floweft. And A arid P will be the a- 
phelion and perihelion. And the reft will be found 
as before. 

3 Way. 

40. Suppofe ADPB the earth's orbit, S the fun in 
the focus, F the other focus, AP.the liiie of the 
apfides. Let B, C, D be three places of the earth 
obferved in the ecliptic ; fouha by obferving 3 
places of the fun which are oppofite to them. With 
the radrus FM equal to AP, and center F, defcribc 
the circle MRGY. Draw FBR, FCZ, FDY ; and 
SB, SC, SD, and alfo SR, SZ, SY, Then the 
angles BSC and CSD are known, being meafured 
by the arches of the jccliptic. But the angles de- 
fcribed about the focus F are nearly proportional 
to the times, and the periodic time of the earth be- 
ing known, by Prob. V. the angles BFC, CFD 
will be known. Now fince FB + BR or FR =: 
AP :;: FB + SB, therefore BR = SB, and the 
angle BRS ;= angje BSR,. and FBS = 2BSR. 
But AFB = ASB -t- FBS = ASB + ^BSR, 
whence 2BSR or 2FRS = AFB — ASB. And 
by the lame rcafoning 2FZS = AFC — ASC. And 

by 



Sea. IV. PROBLEMS, 145 

by adding, 2FRS + 2FZS = BFC — BSC. Fig. 
Therefore the fiiin FRS + FZS is known, fincc 40, 
BFC and BSC arc known. But FRS = RFA -— 
RS A, and FZS = ZFA — ZS A ; then by addi- 
tion FRS + FZS = RFZ — RSZ z= a known 
angle ; and firice RFZ or BFC is 'known, RSZ 
will be known« And by the fame r^afoning RSY 
will be known, and confequcntly ZSY. 
: Draw the lines YSG, GR, and RZ and ZG. 
Then afiuming ZS any number as 1000 ; in the 
triangle ZSG, there are given the angles ZSG, 
ZGS, and fide ZS, to find SG. For ZSG = fup- 
plement of ZSY, and ZGS = 4, ZFY. Atfo in 
the triangle SGR, are given the angle RSG (fuppL 
RSY), and SGR (^YFR), and fide SG, to find 
SR. Again in the triangle SZR, there are given 
SZ and SR and angle ZSR, to find the fide ZR, 
and angle SZR. AUb in the triangle ZFR, there is 
^iven, angle ZFR, and fide ZR ; to find ZF, which 
IS equal to AB, the greater axis of the orbit, and 
angle RZF. This fubtraftcd from RZS leaves 
FZS known. Laftly, in the triangle FZS, we have 
FZ, ZS and angle FZS, to find the angle ZSF 
which fhews the pofidon of the apfides i and fide 
SF, which is double the cxcentricity •, whence the 
•orbit is eafily defcribed. And in the fame triangle 
is found the angle ZFS, and CFA, and therefore 
AFB* Whence if the time between the obferva- 
tions at B and C, be divided in proportion to the 
angles BFA and AFC, the time will be knowa 
when the earth is in its aphelion at A. 

Scholium. 

Becaufe the angles AFC, AFB, &c. are not ac- 
curately as the times. The place of the earth C 
at any time, may be correfted thus, make as the 
lefler axb of the orbit is to the greater ; fo is the 
tangent of the angle AFC, to the tangent of an 

angle^. 
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Fig. angle, which is more corredl for the place of C ; 

40. and the like for B. But in the 2d and 3d qua- 
drants, or in the arch DPO, the angle muit be di- 
minifhed, 

^i. The periodic time of the earth and of. Mars bc- 
' ing known. Let ABDE be the earth's orbit, M 
the planet Mars. Obferve the exa£b time whcH 
Mars is in oppoiition to the fun, the earth' being at 
A ; then the place of Mars muft be obfervcd. ' 
After Mars has performed his period (of 687 days), 
he will come again to the fan^e place at M. But 
the earth will only be at B in its orbit, from whence, 
the fun will be obferved in the line BS, and Mart 
in the line BM. And at that time obferving the 
places of the fun and Mars, all the angles oi the 
triangle MBS will be had ; and fuppoiing MS any 
number as 1000, the fide SB may be found, as 
alfo the angle BSM. Again, when Mars has finiih- 
ed another revolution, and the earth is at C ; the 
line SC may be found the fame way, as alfo the 
angle CSM. By the fame method when Mars 
has finifhed a third revolution, and the earth 
come to D, the line SD, and angle DSM will be 
found the faine way. Then having the three points . 
B, C, D ; the ellipfis may be delcribed by Prop. 
LXXXV. B. I. Conic Seftions. Whence the tranf- 
verfe axis and excentricity will be had, and alfo the 
place of the aphelion A, and perihelion P. 

By thefe metliods, the earth's excentricity is found 
to be 1*66 5 fuppofing the mean diftance, ot half 
the tranfverXe axis to be loooo. 



]?ROB. 
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Fig' 
PROS. VIIL , 4<^ 

J^o find the place pf the earth* s aphelion^ cr tbepp^ 
Jition of the apjides ; and the time when it is in tbt 
aphelionm 

Obfervc two places of the fun at a good diftance » 
from one another ; where the apparent motion is 
the fame, or where the apparent magnitude is the 
fame. Let thefe places be C and B. fiife£t the 
arch BC, by the line AF. Then A is the aphelion, 
if the magnitude or motion was decreafing to- 
wards A ; otherwife it is the perihelion. Whence 
the place of the aphelion is had ; and the pofidon 
of th? apfides AP* Jlnd if the times tc noted 
when the earth was in C and B ; the time in the 
middle between them, is the time when the earth 
is in the aphelion A. 

The pofirion of the apfides AP, may be had by 
either the 3d or 4th method of the laft Prop, and 
likewife the time when the earth is in the aphelion. 

By thefe methods thb earth's aphelion is now 
found to be when the fun is in sa 8 deg; 52 4: min. 

Hence by comparing the place of the aphelion 
at prefent with its place feteral years fince, its mo- 
tion will be known for that time. Therefore di- 
viding the angle of motion, it has defcrihed in 
that time, by the number of years, the quotient 
wiU (hew the annual motion of the aphelion ; whkh 
is little more than a minute of a d^ree in a year. 

Note, the time of the earth's moving or revolv- 
ing from aphelion to aphelion, is called the anoma- 
iiftic Tear. 



.* 
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B R O B. IXL 

Til jdi^ /£d deciuMUn of a fiat. 

To do this rightly, the obferver ought ta kove 
ft large quadrant fixed in the plane of the meri- 
dim,, with ao index noovihg vooxni its cenner, fur- 
nished widi tekfcQpic lights. Then iviiett tfar ftar 
ccMnes into, the plane of the meridian, take its me** 
ridian altitude; and if the ftar be: to^ivaids the eq«n* 
nodial, aiid oa the north fide of it, iVibtraift the 
height o£ the equiaofUal, afid that of the ftar from 
one another, and the remainder is the noi^k declif* 
natioiL But if the ftar is on the fouck fide d the 
equinodial ; then the remainder is^ its: declination> 
fouth.. ... 

Again, if the ftar be towards tjie pole, <al^ the 
difference between its height, and the height of the 
pole, and that is the cofnpleiiient of the ftar*s de- 
clination north^ if it \^ ttv^ ncuth po)i» \ a«4 fouth 
if it be the fouth pote^ 

P R O B. X. 

T6 find the right afienjion of a ftar. 

Having, a good pcnd^um clo^ with ; miMW* 
and fecpnds. Let the clock be. fo adjijyfteci, that 
^ the hftnd may go thro' the %At hours in, a. fydw^l 
day, oc in tbe time thaf, a ftar leaves th^ meridian 
a^id comes^ta it i^gain; wfuch is fomctbHag tefe than 
^ natural day., and is ag hpurs, 56 mi^UtP^* 4 fe-r 
^onds^ Tlifn obferve when the fuA i$. i« the meri- 
dian, and fct the clocks at that inftant;,.to. ^-be^ttna^ 
-pf the fun's right afcenfion, computed by. P;xib» h 
Sedt. IL Then obfirrve when the ftar comes to the 
.' V.Z ' meridian. 
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merkfian^ , and »e thut inftMit mark the ttnfi^ &ewn fig. 
by the cldck ; and that \iriU be the ftar's right af- 
cenfion in time. '. 

Or you fnay fet the cJock to 12^ when the fun 
is in th^ iHeridiaft 5 and note the time when the 
ftar comes to the meridian ; and ^dd this time t6 
the fun's tight dfeertfion in time 5 and you have the 
ftar*s right afeenfion in rime. 

Then the right afcenfion in degrees may be 
found, by allqwing ig degrees ibr an hour, ^id z 
degree for 4 minutes* 

. By having the rigKt afcenfion of any ftar •, bbferve 
yhen that ffar Comes to ,the meridian, and then fet 
the cliock to its right afcenfion. Again^ obfcrve 
%vheh the ftar required comes to the meridia<n, ^nd 
note the time,, and that will be the ftar's right af- 
cenfion in time. 

Or you may fet the clock to 1 2, when the 
known ftar comes to the meridian, and mark the 
time when the unknown fliar comes to the meridi- 
an ; and that time, added to the right afcenfion of 
the known- fiar^ gives the right afcenfion of the 
unknown one. 

Cor. Ik Henct by having tb^ right afcenfion of pne 
fiuTy the rigbi afcenfion of the refi may be found. 

Cor. 1. Having the rigbt c^cenfion dni declination 
ef any fiat \ itf hngitude 4nd latitude will be known. 
This is calculated by Prob. 5iXXII. Sedl. II. 

Cor. J. From the longitude' cf tbf fame ftar af dif* 
ftrent times^ the apparent m»thn of tke fixed ftari 
may be found 5 or the precejfion of the equinoxes. 

Thus comparing the places of the fixt ftar$, as 
de&iibedby the andents, with their places a« pre- 
sent, the progrefliye motion will be known, wbicli 

L 2 divide4 



t4« ELEMENTARY 

Fig. divided by tht number of ye^s, will give the roO^ 
tion for one year> which is 50 feconds of a degree; 

* 

Con 4., From hence the longitude of any fiar hdng 
known at any one timej its longitude may be found at 
diQ other time. 

For it is only adding fo many times gof' as is the 
number bf years after) or fubtrading them for 
preceding years. 

.Scholium. 

By this method the longitudes and latitudes of 
. all the Bxt ftars are found, and made into a ca- 
talogue -, which being once eftabliflied, and fet in 
their proper places,' ferve for fo many land-marks for 
eftimating the places and diflances of all other cet 
leftial bodies. If there were no ftars to reckon 
the places of the ^planets by, their fituations could 
never be known ; and therefore we may juftly ac- 
count the having a true catalogue of the ftars, td 
•be the bafis pf all aftronomy. 

P R O B- XI. 

Sto/J^nd the fcriadk time of a planet. 

Let the planet be obferved feveral times, till at 
laft it have no latitude, for it is then in the node j 
note the time when this happens. Alfo let it be 
obferved again about the fame place of its orbit, 
aftd mark the rime when it has no latitude, and it 
is then in theYame node. Then the time between 
thefe dbftrvatiofis is the periodic time of the planet. 
' Jt, inftead of one period, you take two points 
of tme, at a great dumber of years diftance from. 
one another, when the planet was in the famet 
»ode ; and divide the interval of time, by the num- 
ber of revolutions 5 the periodic time will be cx-« 
. ^tctly dctcr.inin<p4« . . • 

; > . i For 
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' For the orbit of any planet, being out bf the Fig* 
plane of the earth's orbit, the planet is never in 
that plane, but when it is in the nodes, where the 
planes^ inteffed-, ^nd therefore it is in the fame 
node only once in every revolution 5 that is, when 
it, comes to the feme point of its orbit. 
^ And to know how many revolutions there has 
been in any great length of time, that there may nor 
happen a miftake of one revolution ; it will be 
fufficient to know the periodic time in round . 
numbers, which may be dofte thus. 
• Obferve the time when the phinet i^ in oppo&-^ 
tiontothe fun, and likewife the time when he is 
next in oppofkion ; then having its place- at both 
times^ the^ is had the arch he defcribes in thetime 
between the ottfervatione. Th*n it will be as that 
arch to the whole circumference ; fo the time elapt 
ed, to- the periodic time; which would be exaft; 
if the orbits were circles^ frt)m which they do not 
differ much. 

But for aa inferipr planet, take the two, ob- 
ftrvatiohs when the planet begins to be ftationary^ 
And* i^ that time it has defcribed its whole orbit,, 
together with an arch or angle equal to what the 
earth has defcribed in the mean time -, which is 
known, from the fun's place at the two obferva- 
rions. Then, it will be, as the whole circumference 
4- that angle, to the time elapfed ; fo the circum- 
ference, to the periodic time, nearly. 

: F R O B. XII; 

1 To. find. the. nadts of a. planet* s orbit i and tbepla^^ 
TUt^s difiance from the ftm*at that: tints. 

Let ABD 6e the earth's orbit, FNQ that of the 42. 
^ planet, S the fun,, NSQ^ the line of the nod^s. 
This raethod luppofes that, the places and djftahces 

L 3 ' of 
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Fig. of the earth from the fun» are known «t d<ie ttifita 
42. of obfervntion; and j^lfo the arch of the eclipdc 
' deCcribcd in that timp. 

Therefore take two ob£?rvatu)n^, when the ^- 
net is in the node N ; let , the places of the earth 
at thefe times he A and B. Then in the tmngte 
A SB, there is given the fides BS, AS, and inducted 
angle ASB ^ to find the 0de AB, and angles at: A 
and B. And the ajsgles SAN afid N& being 
Iknown by obferVatiotis we fliaU haVe ^the asgl^ 
NAB, and NBA. Again, in the triangle ABN, 
there are given th^ angles, and the jQde AB ; to j 

find N A the planet'j diftance from the earth. LsAt 
ly, in the triangle NAS* we hare the fides NA^ 
AS, and the angHe NAS ; to find NS the diftance 
of the planet fron> the fun» when it is in the node 
at N \ and angle ASN* which determines tfart | 

place of the rtode.j and the pofition of the line of 
the nodes NSQ. This caJcylatioawiHfcc the fiime 
for an inferior planet, mutatis mutandis^ 

Cor. Hence the motion of the nodes Qf a planet 
tnay be known^ hy comparing their prefint places witk 
the places of the nodes^ found out ly tbe^p^Jervatiom 
of the ancients. 

P R O B. %m. 

'To find the imlinfttion Qf a fUmefs orbits 

1 fFay^ 

4^. Let »PF be the orbit of a pknet, EQN the 
earth's orbh, N» the line of the nodes. The place 
of the nodes of the planet is known by the laft 
Prop, and therefore the time will be known when 
the earth is in one of the nddes at N. ' At that 
time let the planet be at P* Froni P let hA PO 
perpendicular to the plane of the ecliptic »OL. 
And when the earth is ^ N take the latitude PO 

of 
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of the ^^fetftt, and the ^iffelhce 0» fiwn^ the op- Fig. 
pofite node «, as feen from the eaarth (bH 9i. Th^. 43^. 
in <hc tight angled fpherical trmgle *iPO, ther^ 
we gi*ai the fidfes «0, . afid OP. fouod by- bfefenra-. 
tion, to find the, angle P«0 the iAc44niatioR erf %hfe 
orbit required. 

For draw from the foft at S, tke line Sp parallel 
to NP:t ^d pff parallel to PO, and draw S^?, wbicK 
■mil be patatlei to N<>. Therefore .the triahgles 
PNO, jpSd v!ll be fimilar. * Thefefore the Wtltudfe 
PO feen from N,. is equ^l to the- latitude po feen 
from Sji being both feen un3er equal anigles. Like- 
^ife the angle ON» is equal to the apgl'c dSn\ that 
Is, the iongitude On feen frotti N, is eqttal to the 
longitude o» ledi from S. Therefore thene arfe the 
^ime data in the triangle ?iOP as in tlie - triangte 
ncfj^ to find the inclination 0;<P of the orbit; 

Let^the'ort)h: 6f the Tifanet bfc Mfe/ tha^t Wiihb 4.4* 
tatth B?Q, N» the line t)f thd nodes. At tlie 
tittie when tbfe earth is ^t Q in lite Hne of the 
-Do^es, cfcjferve ttccurateiy the longitude rf the pla- 
iiet at ^y frbril the fun, ot the angle OQS, and ^1- 
Co its Htimde PQO. Thth it will be as the fine 
of the ingle SQp, to radius ; fo t4n. latitude ?Qp^ 
to the tan.'t)f the incline tioh of tlie otfcit. 
' Fcfr'lPO* bein^g perp. to the ptene of the ecliptic ;. 
A^aw t*Q, OQ J and dtaW OB pero. to JSn ; then. 

" the angie Pfi<i h the intHbation m the orbit. In. 
*l3ie right angfed ^^iandles QPO, ^and BPO/we. 
•have OB : S.OQB t : Qt) : racjius : : PO : tan. 

. fQq. . And 'aitemate^y,. S.OQB :.tan..?QO : :- 
Ofi : PO : : radius : tatt. t»BO. 

If it lirappen th^t the fun is in the nodcj and the- 
jlanet 90 degrees ffom the fun. Then the. latitude^ 

L 4, a^ 
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Fig. of the planet feen from the earth, is equal to the 
.44. inclination of the orbit. 

For imagine B to be in the earth's orbit, and 

PBS a right angle, or PB perp. to BS i then PBO 

is the inclination. 

P R O B. XIV. 

91? ^rtd the orhit of a planet^ the place of its 
apbelioUi and the time when it is in the aphelion. 

I Way. 

Let »PN be the planet's orbit, AEQ the earth's, 
S the fun, N« the line of the nodes. This me- 
thod fuppoies the earth's motion in its orbit to be 
known ; and likewife the inclination of the planet's 
orbit. 

Let the planet be at P in oppofition to the fun, 
the earth being at E. Draw FO perpendicular to 
. . the ecliptic, and draw.SEO \ and Q is the planet's 
place reduced to the ecliptic. Then obferve dip 
quantity of. the angle PfeO, the planet's latitude 
feen from the earth. And fincc the jfun's place is 
known, the planet's place being oppofite to it » 
known, and therefore its diftance from the node 
On is known. Therefore in the fpherical triangle 
«P0, the fide 0«, and angle 0«P are known ; 
therefore the fide P/i will be known, and PO, 
which is the meafure of the angle PSO, the lati- 
tude of the planet feen from the fun. Likewife ' 
SE is known being the earth's diftance fVom the 
fun. Therefore in the triangle PSE having, all 
the angles and the fide SE ; the fide SP, the pla- 
net's diftance from the fun, is known. Therw>re . 
we have the planet's place in its own orbit. 

. In lik'e manner, by getting two more obferva* 
tions, of the fame planet, in a pofition oppofite to 
the fun ; we fiiall have two more places D and G 

of 
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.of the planet in its orbit. .« Hence we have the Fig. 
magnitude and.pofition of three lines SP, SD, SG, 44. 
drawn from the focus of an ellipfis ; and then the 
curve may be defcrihed by Prop. LXXXV. B. L 
Conic Se£lions 5 and that will be the orbit of 
the planet, from which, all other requifite may be 
found. . It is evident this method can only be ap- 
plied to the fuperior planets. 

Let GHT be the earth's orbit, APE the pla- 45- 
net*s orbit, S the fun, DSN the line of the nodes. 
Let the planet be at P, whilft the earth is in any 
place T. D/aw PB perpendicular to the plane of 
the ecliptic. Draw TB meeting with the line of 
the nodes in N. Draw SB -, and draw TC paral- 
lel to BP, and TD perpendicular to DN, and draw 
CD ; and the angle TDC is the inclination of the'* ^ 
orbit. 

Let the angle BTP be obferved, the planet's la- 
titude at the earth ; and the angle BTS its diftance 
from the fun in the ecliptic. Then 1. In the tri- 
.angle; NTS, we have given, the fide ST the dis- 
tance of the earth and fun 5 and the angle TSN, 
the earth's diftance from the node, and the. an- 
gle NTS or BTS ; to find NT. 2. In the right 
angled triangle TSD, we have TS, and TSD -, to 
find TD, 3. In the right angled -triangle TDC, 
we have TD and TDC ; to find TC. 4. In the 
right angled triangle TCN,,we have TC, NT; 
to find the angle INC. 5. In the triangle NTP^^ 
we have the angle NTP or BTP, and PNT or 
CNT, and t;he fide NT •, to find TP. 6. In the 
right angled triangle PTB, we have TP, and an- 
gle PTB V to find BT, BP. 7. In the triangle 
TSB, we have TB, TS, and the angle BTS-, to 
find SB, jind angle TSB, which is the place of 

the 



154 ELEMENTAftY 

F5g. the planet reduced to the ecliptic, 8. In the right 

45. angled triangle PBS, we have tht fides PB, BS ;, 
to find SP, the planct*s diftancc from the ftn ; and 
j&ngle PSB, the planet's latitude feen from the flin. 
9. In the tight angled fcherical triangle APB, vb 
have PB and angle PAB, to find AB and, AP. So 
the planet's place in his orbit is known, and his 
diftance from the fun. And -if by this method wc 
find two more places of the planet in its orbit, and 
the diftances from the fun -, we (hall have three 
lines given in magnitude and polition, drawn fron> 
the focus of an ellipsis ; and therefore the curve 
jnay be defcribed by Prop. LXXXV, B. L Conii: 
SedionSy which will be die planet*s oAm. 

46. Let BKL be the earth's orbit, S the fuir, A the 
planet, P the point in the ecliptic where it is cut 
by a Kne. AP perpendicular, to it. Suppofe thfe 
earth, at K, let the angle PKS be obferved, being 
the difference between the longitude of the fuh 
and of tint planet, feen from K. After the planet 
has compleated its period, it comes to the fame 
tooint P again • at which timej let the earth be in 
jL. At that'timeobferve the angle PLS, or thfe 
difference bf the longitude of the fun and planet.. 
Then having the times of ofeftrvation, 'Aejre will 
jbe given the places of the earth in the ectipric at K 
"and L, and confequently the ahgle LSK, and alfa 
tlie fides 'L.S, SK ;, therefore in the triangle LSK, 
there will be given the jEijies LS, SK, ^d included 
angle LSK ; to find LK and the angles SKL,. and 
SLK. And having the angles SKP„ and SLPi 
the angles PKL and PLK Will be known; In the 
triangle PLK, we have the aagles, arid the fide 
JLK; jto find PL. In the triangle PLS, W6'have 
the fides PL, LS, and- included angle PLS 5 tDt 
lind LSP, the longitude of the planet from the 

eanht 
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earth ; and SP, the planet's diftance from the fua. Fig» 
And the place of the node being known, the dif- 4!! 
tance of the jpianftt from the node in the plane of 
the ecliptic, is alfo known. But PA being per- 
pendicular to the ecfiptit, and if A be the place 
of the planet in its orbijt : then in the right angled 
triangles APL and APS, it will be as tan. ALP^ 
to the tan. ASl* ; fo is SP to LP 5 whence the angle 
ASP wiH be known, anc} from thence AS. And 
lallly, the diftance of A from the node will be 
ftn\if;} as In the laft method. If by this means two 
more places of the planet be found, there will \)o 
given tht focus, ancl 3 points in thecurye, to de- 
fcribe an ellipfis, by Prbb. LXXXV. B. I. Conic 
Sedtions, for the orbtt of the plahet. . 

Then the poiitiou of the tr^hfverfe ^xs of the 
orbtt^ will Ihew thfe' place bf the aphelion; and 
from thence the time ^iH be known ; or the place 
of the 'aphelion may bi? kriowh^ b^ having feveral 
obfervations ; and from thence finding the time of 
pafling from the dphelion t6 the perihelion ; and 
the time of going bKu:k to the aphelioili which is 
done by help of the bbferved' places. Then thefe 
times will be equal, whcii the point is in the aphe- 
liw^aud muft be correfted by taking new points 
for the aphelion, till it happen fo. JBut the exad; 
points may be better found by interpolation, froiA 
the fever^l obfervations, by Pr<>p. V* of the 4if- 
ferential method, 

^ P R B. JtV- 

To find the pisatijt tltmgatfcm of an kfiri&r planets 4 j.^^ 

Let A8D be the orbit of the plahet. £ a pdnt. 
in the earth's orbit, S the Tun. From the poiftt E^ 
4raw the line EB to touch the. orbit ABu of th^ 
inferior planet } and the ahgle SEB wUl be the pla- 

net'a 
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Fig* net's greateil elongation. Therefore draw SB u% 

47. the point of contaft B, and it will be perpendicu- 
lar to the tangent EB \ whence in the nght angled 
triangle ESB, .there are given £S and SB, the dis- 
tances of the earth and planet from, the fun*, ta 
find the angle SEB the elongation. 

For a line drawn from E to any other point of 
the half orbit ABD, befides. B, will fall within the. 
angle SEB ; fmcc that half orbit is wholly included 
between the Imes ED and JEB. 

If you would find thc^greateft elongation, cxpc* 
rimcntally j you muflf take the elongation . Si^B, 
by an inftriunent, federal times, when it is about 
the extremity qf its (irbit ; and the greateft angle 
contained between the fun and the planet^ is that 
fought. But in elliptical orbits, the fanie 9iuft 
be repeated fcveral times, when the earth and 
planet are in different parts of their orbits j and the. 
greatjeft obfenred angle is that rcquiied-.. • 

PRO B. XVL 

To find the paraEax^ cf a plaml^ 

I Wa)\ ' 

48. Let AD ht the earth, C its center, P the pta- 
net ; and let the planet's xiiftance CP, from the 
Center of the earth be given. Then ZAP is the 
complement • of the apparent altitude^ ZCP the 
complement of the true altitude. Then it wilt 
be, as the planet's diftance fro^i the center of the 
earth CP : to the earth's radius AC : : fo the co- 
fipe of rfie apparent altitude, S.ZAP : to the fiiie 

' of the parallax. 

For draw AF parallel taCP, Then angle FAP 
IS fequal to the angle APC. But ZAF is equal ta 
3ECP, the true zenith diftance, and ZAP is the ap- 
parent zenith diftance \ and their difference FAP 
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Of its equal APC is the parallax. But in the trian- Fig. 
gle CAP, it is CP : S.CAP or ZAP : : CA : S.CPA 48. 
or PAF the parallax. 

.^ If the diftanccs of. |wo planets or ftars, having 
the fame apparent altitude, be known, . and the pa^ 
rallax of one of then). 

Let P and G be the planets in the line APG ; 
then APC is the parallax of P, and AGC the 
parallax of G. Therefore in the triangle CPG, 
wc have CP, CG,\ and an angle oppofite, fuppofe 
G J to find the other oppofite angle. Therefore ^ 
diftance CP : diftance CG : : S.CGP : S.CPG 
or CPA •, that is, the fines of the parallaxes 
are reciprocally as the diftanccs from the earth's 
center. 

3 ^^y.* 

Let S be the ftar tor planet, whofe parallax is 49. 
fought. Obferve it when it is in the fame vertical 
circle with any two-fixt ftars. A, B. Obferve again 
when the fame two ftars come into a pofition*paral:- 
lel to the horizon at a and ^, and let the planet be 
come to s. Then with an inftrument meafure the 
altitude of a or hy and likewife the altitude of s j 
and the difference of thefe altitudes is the parallax. 

For the real place of the ftar S is feme where in 
the line AB, and therefore it is alfo fomewhere ini 
the line^, and therefore its altitude is the fame as 
that of a or b. Therefore the parallax is the dif- 
lerence of the altitudes of a and j, or of b and s. . 

4 Way. 

Let S be the ftar or planet \ obferve its diftance 
froni any fixt ftar B, which is in the fame vertical 
circle ZSB •, and meafure the diftance SB with an 
» inftrument. Then obferve again when the fame 
two ftars have equal altitudes above the horizon, 
. - at 
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rigi at i and s } and then take tke dHhoce h. This 
4g. diftancc will b^ Very near the trjuc diftancc of the 
ftars B and S. Therefore the £rft distance BS fub- 
traded from the latter, diftancc h (when B is below 
S), gives the parallax. Or the latter diftancc fub- 
prai&cd frooi tbe former, wben B ia above S^ gives 
the parallax. 

: s ^^» 

50. The parallax may be foiiTtd by obferviug the azi- 
muth and altitude of the ftar at planer. Let HZO 
be the meridian, EQ^the eqtrincfeiaf, HO* the ho* 
rizon, Z the zenith^ P the po!e, S the ftar, ZS$ 
a vertical circle paffing thro* it, Obferve the 4ti- 
tnde BS, and the azimuth 90 ; and mark the mo* 
ment of time when thefe obfervations are made. 
Then obfcrve the moment of time that the ftar 
comes to the meridian ; and then you have the dif^ 
tancc of time from the obfctvations. Convert this 
into degrees, allowing ontf s^j hows, 56* miiMtes 
to 360 degrees (whicft is nhe timfc of die earth^s- ro-* 
tatioa to the fame ftar), and you^ have «he ^chED 
er an^le EPA, fiippofing PAD an hour cMff, 
Therefore in th^ fpherieafi tri^ngte ZFA, vpe have 
the angle ZPA, and angle PZA eqiml te^BO, nrti 
the' fide ZP the co»-lati€»de ; ta find the fide ZA 
> the complement of the a^ituAj; this fubtfa^ed 
from ZS, known hf obfcrvatioftji tlie remainder 
AS is the parallax. 

This is to be done with: a telcicops wkh- Cf^fi 
hairs in the focus. Dired the telefcope to the pla* 
net, atid turn it round till i$s motion is along one 
of the crofs bairs^ whick repiseients part: of the 
planet's parallel circle ; and the otber hait; perjpef^ 
dicular to it, will rcprcfenc its^Eour circle. Obfeiive 
the time whea the planet come^ to this hour^ cir- 
cle ^ there i^ the teldcopcy and. then take^ its alti- 

tude \ 
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tudl:^ ; tbcb %bfenFe the that whea fome fiyt fbii:. Fig* 
whofe irij^t afceofioa ia koomfi, comes to ibe laq;)e ^o*. 
hour orcle. The difference cf time between tiie 
plaoet and ftaor CDfuing to thds hour circle^ turned 
iMa clegoeesi(aUfmng 360 degree) to 2g bowS) s^ 
mmtnesX geret the dilerei»ce of right afeenfioM 
of tbs planfit a&d flar ; and lb the appureat righ/t 
afcenfioirof.tiiepfemtia known, Again, when, tbe 
p&aoec comes to the meridiaxi, ohferve it with the 
tdefcope^ and note the time^ and when tbeftar^ 
comes liQ die aaeridiajn:^ noise the ttnfie of ^9t. Then 
the dtflRExence of the timet reduced $0 degrees as 
befi^e, gillies the true, difierence of ri^t a&enfiws^ 
iSst die true ri^t afeenfien: of the planet will be 
Icoowa^ There&relet HO he the horizon, HZO 51. 
the meridian^ Z ^e acnith^ P the pole; A ihe true . 
place q£ the planet, S its apparent placse, ZSB a 
vevticai circle. Thea in the triangle ZPS,. we, have 
ZPy ZS, aod angkZPS to find the angle F2S, En , 
the toaogle* ZPA, w)e have ZP,. angles ZPA« 
PZA; to find ZA^ whiclii taken from ZS, gives. 
AS t^ pamOax. 

^ . If die planet hav'e a proper noo^ion of its own, 
its m^ {diace will be alwa^^ changir^ -» and there*- 
face the. change of plaice muft be computed for the 
tinsie; of the ofafenracions. This id done by obferv- 
iflg its: place wiico. ia the meridian, twice; and 
thence d^e change of place is bad ibr 24 hours. 
And therefere the place: at the times c^ obferva* 
tiosis wall be had by ptppartioning the motion, ac* 
cocdhtg to the dmes. 

Herejthe an^eZPSIhould be about 90 degrees, 
to hasre APS die, greateiir poffible. 

Tf'his requires twb oWci*ver& in different places 52. 
of. the earth, aadcan be applied to none of the pla- 
nets? hiit Mara in oppofnion to the fun^ or to Ve- 
nus 
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Fig. ftusln the fun's diflc. Let PERQ be the earth, 
52. PR its axis, EQ the cquinoftial, S the planet Mars 
in oppofition to the fun, and if near Uie perifaeli* 
on, *tis better. And this will be beft done when 
the fun is about the equinoxes. Let there be taken 
two places F, G, one in north latitude, the other 
in fouth latitude, and the further from the ecj^ui- 
nodial the better, and nearly in the fame meridian, 
or rather fo placed, that the line FG drawn from 
one to the other may be nearly perpendicular to 
the orbit of Mars, fiy this means we have a 
greater bafe to work upon. Then let the two ob- 
krvers pitch upon fome fixt ftar as A, which Mars 
in his motion comes very near at that time; and 
the nearer the better. And having two good in* 
ftruments perfe&ly alike, fumifhed with microme- 
ters, and being fituated kt F and G ; let them ob- 
ferve for feveral nights fucceffively about midnight, 
the places of Mars at B and C, as it pafles by the 
ftar A ; and take the diftances AB and AC every 
night, during his tranfit by this ftar% Thefe ob- 
fervations are to be continued till the diftances be- 
gin to enoreafe, and no longer \ for then he is pad 
the ftar. Froi;n this number of obfervations, the 
neareft diftance of Mars fi'om the ftar A may be 
found, as obferved from the places F and G ; at 
leaft they may be found by interpolation. Let theft 
neareft diftances bc^AB and AC, then we have the 
difference BC, or the angle BSC of FSG. And 
from the fituation of the places F and G, the 
length and pofition of FG will be known ; and by * 
thefe, FS may be found. ' And laftly, the angle 
which the radius of the earth fubtends at the dif-' 
tance FS, or the horizonul parallax of Mars will 
be known, 
t If, inftead of Mars, Venus be obferved in the 
body of the fun-, then her neareft diftances from 
either limb* of the fun muft be taken, whole dif- 

* ferepcc 
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fi^repce will gire the angle at Venus, fubtendcd by Fig* 
FG^ the reft as before ;..fo 4:he; parallax of Venus £z. 
will be obtained. 

The parallax of Mars, whei^neareft the earth, 
lia$ been found 25, 27 and 30 fecbhiis at different 
times. , J . I 

Cor. I. jt Jiar or planet afpears lower -iban ii 
really is by the quantity af the parallax*^, wlkib is 
greater the lower the ft arts ; and therefore the horizon* 
tal parallax, is the greateft. . 

Cor. 2; The parallax is equal to the angle which 
that radius of the earthy where the obfervatign is 
made J fubtends at the planet. \ 

Cor. 3. The parallaxes of two planets are as the 
eqfines of the apparent altitudes dire&ly^ and their 
difiances from the earth^s center reciprocaHy. 

For when the diftance i$ given, the parallax is as 
the line of the zenith diidance (by method i.) and 
if the apparent altitude be given, the parallax is^ 
reciprocally as the didance, by method 2. and 
therefore, is in a compound ratio, when neither is 
given. Here the parallax being very fmaU, one 
^ay take the parallax itfelf for the fine of the 
parallax. 

Cor. 4. The parallax of a planet being known^ its 
diftance may be found. 

For this is only working backward, faying as 
fine of the parallax^ to the earth's radius \ fo S. . 
zenith diitance, to the planet's diftance 

Cor. 5; Having the parallax of any of the planets ; 
the diftances of all the planets from the fun may. be 
known^ in diameters of the earthy or any fort of mea- 
fure. . , . 

For the diftances of the planets from the fun and 
^m one another, are known in fonne afiumed mea-^ 

M furet 
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F%. fure. And by the baraflax of a planet, the trjit 
diftance of the cartii ffonr it,' is known*. And 
therefore all the other diftances wiH }^ known by 
propottion. , * 

P R O B. XVII. 

Hairing the paraibfx qf d pkmi^ tmd Uj pvfirion in 
pfifpeS £f the iclipic and ckckt of bngituie^ i^c, t0 
find tbi pdrallax of laiitude and ki^udt ^ or ibc 
parallajc of right ^fccfffion and declination. 

• » • 

53- Let HO be the horiion, EC the ecliptic, Z the 
zenith, P the pole of EC, S the apparent place of 
the planet, ZSB a vertical circle drawn thro* thef 
planet, .A tlie true place of the planet, PAL, PSIj 
xircles oif longitude* Draw AD parallel to £C« 
Then AS is . the parallax of altitude, SD the paral^*, 
lax of latitude, Ll the parallax or longitude ; L 
being the true place of the ftar reduced to thcf 
ecliptic, and I the apparent place. 

Then having AS and the.angleASD. in the 
fmall right angled plane triangle A3D ; the paral-^ 
lax of latitude SD will be had, and the fide AD.. 
Therefore in the triangle^ PAD, PLi, it will be, 
as S.PD : radius : : AD : LI the parallax of lon- 
gitude. And whether it is to be added to, or fub- 
tra6tcd from the longitude at L> w31 eafily ap* 
pear, by the pofition of the circles EC, Zfi, PL. . 

But if EC be the equinoftial^ P its pole ; then 
SD will be the parallax of declination, and LI die 
parallax of right afcenfion. 

Cor. i; If the circles PS, 2S coincide i SD zz 
AS, and AD r: o. ^bat is^ the parallax of longi^ 
fude or right afcenfion^ is nothings and the fara^ 
fif latitude or declination^ is ejual to the parallax if: 
iltitude. 
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Cor, z. If ihe virHes t£^ ZS cctiuidi. Then AS Fig. 
Jr: LI, and SD tz o. ^hafis^ tbifparalkoc of hn^ 5^ 
^itude ^r rtgbt i^cenfim (^s the c^fe is) is equal to the 
parallax vf altiNtJe. A»d the parallax ^f latitude or 
de^linafion is 




P R O B. XVIH. 

To find ihe p€riodi< time iff the moen^ her print and 
farallax. 

!• The mocm's peri^diml .time is known hj ob* 
lerviog the dilUooe of time between her conjunc- 
tion wkh ^oy &ced ilar, and her next return to the 
ianie ftar ^nn^ But this being different at dif^ 
ferent limes -, if the time be taken« between her 
conjunflion with any ftar, ob&rved feveral years 
iince J and her conjunftion with the fame ftar m 
chis age j and, l^at time be divided by the num- 
ber of her revolutions 5 it will give her mean perio- 
dic tin>f,. whijcJh is 27 days^ 7 hours, 43 iftinutes> 
1 3 feconds % and is fiimething more than her re« 
)tum to the feffje point o£ the eciiptic, which is 27* 

2. The time of thtf moon's fynodic revolution^ or 
the ti^)c of her revolving from conjuniftion to con- 
jundion with the Jfun^ is found the fame way, by 
obfcrvetiofli tand iti a great number of years is 
found,' by dividing the diftance of time by the num- 
ber of thefe revolutions.) and is 29^ I2^ 44* 3''. ' 

jj. To find the parallax, proceed by the methods 
laid down in Prop. XVI. or by this itiethod, which 
is peculiar ta the moon. In anectipfe of the -moon, 
obferve when .the horns of the moon are in the 
iame vertical circle, and at that moment take the 
altitude of both the hornsv then half the fum is' 
the apparent altitude of the moon's center. And 
we (hall have tb^p true. altitude of her center thips.^ 

M z The 
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Fig. the pkce of the fun in . the ecliptic at thkt time is 
53. known, and therefore the place of the center of 
the earth's fhadow^ which is oppo0te to it, is 
known ^ and the altitude of the moon at that time 
is equal to the altitude of the center of the jfhadow, 
becaufe they are both in a line parallel to the ho- 
rizont Therefore finding the altitude of that point 
of the ecliptic, in which the center of the (hadow 
is ; from which fubtradiing the apparent height of 
the moon, and the remainder is the parallax. Thus 
her mean horizontal parallax is 57' 1 2"* 
^4* 4« To find her diftance. Let AD be the earth, 
whofe center is C> and A the place of obfervation. 
Let F be the pliu:e of the moon. FiiKl her paral- 
lax AFG by Art. 3. and app&rent diameter. Then 
in the triangle AFC, we nave the angle F the 
parallax, and -angle CAF the fuppletnent of ZAF 
her apparent zenith ^iftance ; to find her apparent 
diftance AF. Then if G be another place «f the 
mo9n, whofe diftance is ibu^ht^ Let the nioon') 
apparent diameter at G be obferved, and her aki** 
tud^ BAG. Then it will be^ as her apparent dta- 
metetgat G^ to her apparent diapeter at F •, fo is 
AF to AG. Then in the triangle CAG, having 
the fides AG, AC, and angle CAG (n the right 
angle CAB + altitude BAG)> the fide CG will be 
found, or her diftance ftx)m the eardi^s center z; 
60.3 of the earth's radii, at her mean diftance. 

gv, To find the tranfverie axis of her orbit, and 
txcentfficity. Find her dUbnces from the earth's 
center, by a great nuniber of obfervatien^, conti>- 
nued thro* her period, as in Art.. 4. Out of thefe 
ieledt the greaieft and leaft, and the fom of them 
is the greater axis of her orbit ; and half the dif-^ 
fercnce is the excentricity. Thus the mean excen- 
fricity is ggj the mean diftance being 1000. : 

Note, the moon will be nearly at the greatcft 
and leaft diltances from, the earth's center, when 
. ' the 
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the apparent diameters are the grcateft and leaft. Fig. 
taken about the fame altitude. And about thefe 
times you muft find the fevcral diftances from the 
earth's center, in order to avoid needlefs trouble. 

6. To find the place of the moon's apogee. Ob- 
fervc two places of the moon, when flie has thq, 
fame apparent diameter, and the iame altitude; bi- 
feft that arch to find the intermediate place ; for the 
apiis of her orbit jpafies thro* it, and therefore the 
pofition of the apUs is known. And that point is 
the apogee where the apparent diameter is leaft. By 
comparing two fucccffive revolutions, the motioa 
of the apogee will be known. Or rather t^ divide 
ingthe whole fpace gone thro' in a long time, by 
the number of revolutions, gives the time of one ; 
thus the apogee makes a revolution in confequen- 
tia, to the fame point of the eelipric, in- 8 years, 
309 days, 8 hours,. 20 minutes. * ' 

■ 7. To find the place of her nodcs^ Obfcrve the: 
latitude of the moon feveral times till you find ic 
to be nothing, when the parallax is allowed for % 
and that is the place of her node. If the mooi> be 
combing northward, it is the afcending node ; if 
fouthward the defcending node. If the places of 
the moon be found thus, when Ihe is in two fuc- 
ceediog nodes; the af ch defcribed by riie moon in 
that time, compared to a fcrhicircje, will Ihew the 
amotion of the nodes. Or rather^ i^ being known 
Ijy diftant obfervations how far eitfher node has 
changed its plac« in a great number of years, the 
time of one revolution will be found. Thui the 
ipoon's nodes are found to be retrograde-, and 
make a revolution to the fame point of the ecliptic 
Iq. 18. years, 224. days, 5 hours. 

8. To find the incljfiation of the moon's, orbit 
Qbferve her latitude feveral times when^fhe is ri?ar: 
a quadi"ant from her node; and the gyeateft la- 
titjudie is. the inclination of hex orbit, allowing for 
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Figi the parallax. Thus^ by many obfenrationsi tlic in- 
clination of her orbit is fometimjts 5" o\ and fome* 
times 5° 1 8' i and always between thife limits. 

■ / a 

I 

Scholium. 

Frequent pbfervations have difcavercd to us th^t 
the orbit of the moon is continually changing. Foar 
tho' the moon's orbit is . nearly an ellipfis, where 
the earth is in one of the foci ; yet it neither keeps 
its magnitude nor poruicM3. For^ 

1. When the earth is in its aphelioBv the moon 
rnoves fafter, and perfo?m$ her reVoluttion in left 
time. But when the earth is in the .perihelion, the 
moon moves flpwcr> aad is- longer in tjiaking a re* 
volution. . . " 

2. When the moon Is in the fyzigej, ihc inoves 
fwifter ; and in the quadratures, flower. 

3. ^hen the moon is in the fyzigcs, theapfide&. 
move forvrard, , but in the quadratures they go 
backward. But in a whole revolution of the moo% 
they move forward.. . 

4. The excentricity of her orbit increafe^ as the 
line of the apfides approaches the fyziges, where it 
is greatefl ; and diminijQzies as the apfides approach 
the quadratures, and is there the leafl:. 

5. The line of the nodes is moftly moving back- 
wards ; except when the moon is in the quadra- 
tures, and then the nodes ftand ftill ; or when the^ 
nodes arc in the fyzigcs, where they alio ftand ftilU 
and between the node and neareft quadrature, they 
go forward. '^ . . 

6* The inclination of the orbit incrcafes from 
,the moon's fyziges to the quadratures ; and de- 
creafes from the quadratures to the fyziges. An4 
in the pafl^g^ of the nodes from th^ quadratures 
to the lyzigcs, the inclination increafes ; but ia 
lUeir pafliige to the quadratures, it is diminiflied. 

PRPB- 
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Fiffi. 

PRO a' XIX* 

. - « 

IT^ j^;i<? /i&^ r$fru£iion of a Jiar^ 

- , Th€ eartt) bfipg furr^nj^ed with a body of air,, 
jcall^d xh^ AtniQfpheri?*: lii^rfi' which the rays of , 
iigW cotne to the eye, txom aU the celqftial bodies* 
A nd fjnc$ thefe rays come out of a vacuum, an4 
fall obliquely upon. thU.. body 9f air; they r will ^• 
the }4W» of optics be refr^6led in lines approaching 
nearer t^; th? perpendicular of the refrafting fur- 
facef Let AJD be the earthy furrounded by the at- 
TOf)fph?r9. PQR4' Let F be 9 (iar whofe ray? . pafs 55^ 
^hro' tb^ ait^ofphetc Q^A I® -the obferyeB at 4. 
Now fince the atni^fphere is denfer near- the .^artli^ 
und, growjB.j^er by degc^s, as its height gpow^ 
greater. Thf^refore at the . .^p Q^ ip is but.a y?ry 
little refr^^di^, and as ih^ 5^tr grows d^nfeiv tlwj: 
fieftrer the ^my approaches the c^rth % the r<»y will 
be more ftjrd more rrfraftfedj #ftd gradt^flJ^yrbeM 
jntQ a cwye Q?^^ By this n^eans. the ft^r.cQrtKS to- 
jehc eye in tbedireftioil Q Ai^bich is a tang^jM- to the 
curve ^t A.r.ift|id fo the ftar, inftead of being feen. 
at F where it- really is» appears to.be at G^ fttuated: 
in the lirie AtJ, For this reafon a ft^r always ap- 

gears higher or more elevated above the horizon, 
y the refraftion, than ' it really is. And fipce the- 
rtfradion is made in a plane which is perpendicu- 
far to the fur&Qe of the attpofphere, or to, the fur- 
face of the eqirth^ vrhkh pJaufe pafles thrp* tht ceiv-. 
jt^r bf tbe earth ; therefi^ie both the tci}« and ap-* 
iparent place, F and G ^reii thcs fame y^iicai cir^^ 
xie, whofe plane pafles thro*' A ^b^ place* q£ the - 
,obfcrret# and the center ©f th^ earth C It^is plain 
•.alfo, thai ihe refraction will be the feme at ^1 dif- 
tances froipL the earth, . wtea the .. altitudfe^ is the 
iGina€ y far foun whatever paflt of the Uoe. Fp, the 

. i JM 4& ^ys> 
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Fig. rays proceed -, they will be refrafted along the curve 

55* QA ^^ -^' Like wife yre know from optics, that 

if a ray of light pafs thro' feveral refracting medi^ 

urns, it will fuiFcr the fame refra&iony as if it pailed 

immediately out of the firft into the laft ; therefore. 

It has been confirmed by experiments, that l^ht . 
falling upon a medium of air of a mean denfity, ac 
a very fmall angle of inclination, will make the re- 
frafted angle half a degree ; but this will vary ac* 
cording to the denfity of the air. Aftronomers 
commonly make the horizontal refradion to be 33 
itiinutes. Here the angle of incidence is 90 de* 
grees. Therefore to find the refra&ion at any othes 
altitude, it will be by tlie laws of Dioptrics, as ra« 
<iius I CoC 33' (fine of refraftion) : : cofine of the 
true altitude of a ftar : to the cofine of the appa- 
rent altitude by refra6tk)n. Then the true altitude 
taken from the a(pparent altitude, gives the refrad- 
td angle, which is the refradion of the ftar. 

For the fines of incidence and refraftion arc in a 
^ven ratio, and the cofine of the true altitude, or 
the fine^of the zenith cfiftance, is Ka-e the fine of 
iticidehce. And the cofine of the apparent altitude, 
or the fine of thie apparent zenith diftance, b the 
fame as the fine of refraction. 
5^- Having the horizontal nefi-aftion, to find it at 
any other altitude. Let- ADBG be a circle, C the 
center, and let the diameter AB reprefcnt a part of 
the furface of the dcnfe atmofphere% Draw DCG 
perpendicular to it. And let the horizontal ray 
AC be reffafted in the line CT, and the ray PC 
in the line CZ. Produce PC to N, and draw TO, 
.^IM, ZV, PR, perp. to DG 5 and ZF, TI pamUel 
to it. Let AC = r, CI or OT :;= ^,.PR or MN = 
G, Yi = a VC = J, / = tangent of VCZ = GL, 
2; = NZ the refradion, r =: AC^ Then by the 
principles ot Dioptrics, r : a : : C : Cj and by di- 
vifion, f'-^ a I a^i C~ c : f, whence C — ^ or 
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^ r r-^a „ , ■ „^^ . ^ „!•«. 

FN = c. But became ZN is a very finall eH 

arch, FZN may be looked upon as a plane trian- 
gle, nmilat to CVZi whence CZ (r) : CV (s) : : 

ZN (2) : FN [-^^ cY Therefore SZ z= ^-^cr^ 

and z zz ■ X ~ ::;: ■ /• But becaufe 

a s a a 

is a given quantity, % will be as / ; that is, the 
refraftion at- any altitude will be nearly as the co- 
tangent of the altitude, or as the tangent of theze* 
nith diftance. 

This rule may deviate a little in very finall alti- 
tudes, becaufe the rays near the horizon are nofc 
regularly refrafted -, for the rays coming parallel to 
the horizon, and falling on the atmoiphere, will cut 
its curve furface in fome fmall angle. That is, the 
part of the atmofphere, where a horizontal ray falls^ 
cannot ftriAly be looked upon z& parallel to the 
horizon, but will vary the more as the elevation i$ 
lefs \ and this caufes the failure. 

2. "To fni ihi refiroBim hy ohfervalion. 

Take the altitude of a fixed ftar, when it is at 
Its loweft poiilt, under the pole ; and again at about 
1 2 hours diftance, take its altitude, when at. its 
higheft^ and clear of refra^ion; Then having the. 
latitude of the place, you'll find the diftance of the 
ftar from the pole at each obfervation ; take the 
lefier diftance irom the greater, arid the remainder 
is the refradion of the ftar at the lefler altitude^ 
when under the pole. 

For at the greater height of the ftar, it is fup* 
pofed clear of refraftion ; and thweforc you have 
its true diftance from the pole. But at the lefler 
Height you have its apparent diftance. So their 
dilierenee muft needs be the refradion. 

Jn . 
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,F>g. In this obfcrvation, it is beft to chiife fucji a (W 
^5. as comes pretty near the zenith, either northward 
or fouthward ; and then you may' be fure its refrac- 
tion is not icn&olc. But if you fuipeft^ diat it has 
fomc fmall refraiffidn-at its highdft obfervation, it 
ftiay be foyind out by.thb prbportion before given ^ 
by faying^ as tan. greater nenitiv difUnce i tan. leiler 
zenith diftahce : : fo the reffaftiofi at the k^«r aU 
$itude : to the refradtion at the higher. By this the 
lower refraction will be correded, by fubtrafting 
this laft from it, provided the lower altitude be not 
lefsthan 8 or lo degrees. 

After this method j by the obfervation of difFe- 
«nt ftars, the refradlion for all altitudes may be 
ibuhd very accurately.; and a table made of them 
. ^r ufc. Thus, the fefradion at lo degf ees idtitud^ 
is found to be* about 5 minute?; and in tne ho- 
lizon from 30' to 57'. 

Cor. I- Re fraSion makes a Jtar appear iSj^ber tbdm 
it is ; cpiitrafy to the parallAXy %iobicb makes it aph 
pear lower. - . j . 

Con^* The ^f^fraSiQfi^ecreafti frsmthe borizm 
4d the zenith, (like the parQlh^f).' And therefore the 
borizotital refraSiion is greatefi^ and in the zenith ii 

is nothing. 

Cor. 3. Jit the ft or Sy (Sc. have ibe famt refrac^ 
iicn at the Jane height y whatever theit difiances may bt. 

V 

Gor. 4. Thefim and m^n ^pear of 4ft ontAlfgurft 
mar the bcrizon^ by reaftm of the refraSi$n. 

For the under fide beifig more refra&ed thantb^ 
tapper fide, the perpcndicSar diameter wiU be lef& 
than the horizontal one. 

* * 

. Cor. 5. Hence by the refraSiony the fun^ fnogjij and 
fiarsy rifefoonerj and fct later than they ought to do^ 
ky their f roper motion^ 

For 
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For they are really below the horizon, when Fig. 
they appear to be in it, by the quantity of the ho- 56. 
rizontal refraftion. 

Cor. 6. By the variahlenefs of refraSiion^ it bap-- 
fens that tb^ tips cf mountains^ or bigb towers^ are 
at fame particular times vifible^ and at others invijihle. 

For as the denlity of the air changes, the degree 
of refra&iqn changes^ And thefe changes happen 
fometinnes in a few hours, efpecially within 3 or 4 
degrees of the horizon. And thus it comes to pafs, 
that the top of a mountain may be feen in the morn- 
ing or at night, and be invifible at noon ; in the 
fame place. And thus the lower part of a tower 
will be feen in the morning, and the upper part 
at noon, chro* a tfelefcope , remaining fixt all the 
\^hile* And' thus fometinies the top of a remote 
tower has been vifible above the top of one nearer, 
and fometitt>es invifible. So great a change there 
is in th« denfity and refraftion of the air within 2 
or 3 degnees of the horizon, caufed by vapours 
arifing from the earth, farefied and condenfed by 
heat and' coH ; that it is no wonder if the refrac- 
tion, fo very near the horizon, be fo variable and_ 
fubjeft ta change^ Whilft at greater altitudes^ 
where the atniofphere is not dillurbed by fuch 
caufes, it is more regular and uniform. 

Scholium. 

Befides this efFcfl: which the atmofpherc has, of 
refrafting the rays of light j it has another effeft^ 
of reflecting them. By this means the twilight is; 
produced i and this light is feen long before the 
fun rifes, and continues long after fun-fet. For the 
height of the atmofphere is fo great, that it is able 
to reflcft fomc of the fan's rays to us, when he is 
1 8 degrees below the horizon. From which time ic 
grows gradually lighter till the fun rifes, and the 

• twilight 
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Fig. twilight diminifhes gradually after fun-fet, till it va- 
56. nifh into total darknefs. 

PRO B. XX. 

Td find tbefufCs parallax and difiance. 

1 Way. 

This is done by finding in the firil place, the 
parallax of fome of the planets \ or perhaps of a 
comet if it come near enough* And the parallax 
of this l)eing known, the fun's parallax will become 
« known. For the parallaxes of two celeftial bodies, 
are reciprocally as their diftances. And the pro- 
portional dillance of the planets from the fun, and 
ironfi one another, are known ; wltence the paral- 
lax of any one being known, that of any other, 
or of all the reft, will be known. 
* For this purpofc the planet Mai:s when in oppo- 
iltion to the fun will be fitteft to be made ufe of; 
becaufe at that time he comes neareft the earth, and 
his parallax is then the greated:. Therefore find 
his parallax at that time by fome of the methods 
laid down in Prob. XVI. Then having his parallax, 
and the proportional diftances of Mars and the fun, 
from the eart;h at that time; the fun's parallax is 
found by the foregoing rule. By this method Mr. 
Flamfteed found the parallax of Mars lefs th^in 
30^' 5 and from thence determines the fun's parallax 
not to be above lo^^ 

2 Way. 

This methp.d<depends upon Ending the parallax 
of Venus, in her tranfit over the fun's difk, a thing 
which very feldom happens, but 'may be put in 
praftice whea it does happen, provided an obferver 
be in a proper place upon the globe ; and the near- 
er the equinodlial the better^ becaufe the arch de- 

icribed 
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icribed' in any time by the diurnal niotion, is the Fig- 
greaterr This is done by- finding the apparent time 56. 
of the tranfit, by a good pendulum clock, and the 
true time by calculation. This is beft and moft ex- 
a6Uy. performed by two obfervers, upon different 
places of the globe whofe longitudes differ about 
180 degrees. But as f^ people care to go to far 
diftant countries in order to make obfervations ; I 
ihaiU fliew how it may be done by one alone, who 
happois to be in a £t. place for it. 

Let GQI be half the diflc oi the fun. E and F 57. 

the earth in its ^x-bit^ V and X Venus m her orbit 

And Jet ACPDB be the path of Venus over the - 

,fun*s diflc. Find the horary motion EF of the earth 

in its orbit, and VX the horary motion of Venus in 

her orbit, from the aftronomical tables, by the 

theory of the earth and Venus. Then we fhall have 

the angles FDE and XDV. Put FDE = />, XD V 

= q. VE or XF =: 4, VC or XD =: *. And the 

lines EVC, FXD, being drawn from the centers E 

and F, thro* Venus at V and X, then CD will be 

the horary motion of Venus in the fun's diik. To 

find which, draw DV, and jXB, touching the Qarth 

in J ; then FDs is the fun's horizontal parallax, put 

FDj n X the horizontal parallax. S^d we hav^ 

the<:EDV =q--p. 

Now in the triangle DEV, VE (a) : VD (*) : : 

EDV (? — j>) : DEV or DEC = ^^=^^, the an- 

gle fubtended by CD, which is the apparent hora- 
ry motion on the fun's dilk^ 

Watch the time carefully when Venus enters the 
fun's diflc at A, and note the time; apd alfo the 
time of the internal contaft. JDo the like at the 
end B of the tranfit ; likewife take the greateft 
diftance of Venus PQ from .the fun's limb, in the 
middle of the tranfit ; take alfo the fun's diame- 
ter Gl or zSQ. and that of Venus. Tlien \?e ftiall 

have 



> 

^ 
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Fig. have SP r= SQ^— PQ, and from thence AB, the 

57. path defcribcd. Then fay, as CD : i hour or 60": : 

.60AB . . , 

AB : ' . pv > the minutes wherein the whole path 

wotild appear to be defcribcd from the cctiter of 
the earth. 

But the rotation of the earth being from weft to 
eaft, and Venus tranfit being from eaft to weft ; 
ihe will appear to go fooner c« the dtflc. For while 
the earth moves from E to F, the place of the 
obferver is moved thro* the arch no. And there- 
fore, Venus inftead of being obferved at D will be 
obferrcd at B in the line <?XB* T^e time of de* 
icribipg DB, then is owing to the parallax. 

Put 2 n earth's diameter, crzno the chord of the 
arch defcribcd during the tranfit. Then in the tri- 
angle DX/, Xi {a) : XD {b) : : x (the horizontal 

hx 
parallax) : angle DjX or DjB = "• • But becaufc 

^ no is lefs than the diameter, this angle muft be di- 

miniflied in that ratio, therefore d i c 11 — : —a 

the angle which BD fubtends by half the f:hord no, 
And this muft be doubled, for it is the fame both 
at the beginnirtg and end of the tranfit, as it caufcs 
it to begin later and end fooner. Therefore 2BD 

2icx 
or — r is the diminution of the length caufed |)jr 

the parallax of the chord no. Tlien to find the time 
wherein this is defcribcd j it is, as CD : Co*** : : 
2bcx i2obcx - . 

•'--J : rfyccn ^ ^^^ contraftion of th€ time, by 

the parallax. But we have the time by obfervation, 
that the center of Venus feeras to defipribe the 
whole path AB, for it is nearly equal to the dif- 
tance of time of the inner cantaft at the beginnin.g^ 
and the outer contad at the end, let this time in 
^ minutes 
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itohcx ' 60AB Fig. 

minutes 5= ^ j then / + ^73^^ = -^5- Then 5 ° 

«j^/ X CD + tiohn =: 6o«i X AB. Pjjt for CD 
ks ^qual *~— ^, and let AB = if, then ji/ x 

■ '■ b + X2ohx n €t3a^^ or 120^^ rs do^i^ — • 



• — X • -7- » — r^ X a^^i> ; where n is a fmall 
2r ^ 00 ^ " 

angle exprpflihg the fun*s chord AB. 

If the chord no is hot at right angles to DF of 
CE as the cakulation fuppofcs ; that is, if the fun 
is not in the n^eridian, at the middle' of the tranfit j» 
then t muft be diminKhed in the ratio of radius to 
the cofine of the meridian's diftance from the mid- 
dle of the tranfit. 

And if that, chord drawn in the fphere is not pa- 
rallel to the orbit of Venus, then c muft be further. 
diminilhed in the ratio of the radius to the cofine 
of inclination. * 

If t;his method be carefully, managed, it will 
give the parallax to great ei:aftnefs. And to per- 
form it, there i$ requirfed a good pendulum clock 
with feconds, to note the time of the tranfit; and, 
good inftruments, with telefcopic fighta to take thts' 
diameters of the fun and of Venus, and to take 
her furrheft diftance from the fun's^ limb, to have. 
l)cr neareft approach to (he center. 

3 Way. 

But if another obfervarion can be made in the op- - 
jpofite part of the fame meridian, or near it, where 
the immerfion and emerfion can bp feen (whidh is- 
Dr. Hailey's method) ; the parallax may be deter-' 

mined 
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Fig. mined to far greater exa&nefi, and with lefs calcu-' 
^7. lation. For fince on the oppofitc fide of the earth, 
the revolution is made from eaft to weft, the fame 
way that Venus moves \ it is plain the time of the 
tranfit will be prolonged, by reaibn of the paraUa^ 
Therefore if the time of the tranfit be exadly ob- 
ierved in this laft place as well as in the former ; it 
muft needs be longer than the firft observed time. 
And from the difference of the times the parallax 
will eafily be found. ^ ^ 

Let T = this laft obferved time of the tranfit» 
C the chord of the arch defcribed in the time of the 
tranfit, by the place of the obferver. Then pro- 
ceeding as before, we Ihall have this equation T —4 
i2oK.> 60 AB , _, _^ ,^ 

JJx"CD=ncir* andtf^xCD-iaoK> = 

6o/j</ X AB, or ail X *— r^ h — iioVZx = 

tioiCx + 6oddn 



6oadn^ and dby.q — p zz -' tj^ -• Put 

this value of dbXg — p into the equation found 

before^ itobcx zn 6oain — bdt X q — p. Then 

, ' - izobOc + 6oadn 
iiobcx r: ooadn — / x "^jr- > and 

xtobclTc + izobCtx zz SoadnT — SoadHt.Vfhoicc 

X zz^X J"^!, , the parallax. 

SCHOLIU M»- 

The fame method might be madeufe of in Mer- 
cury's tranfit over the fun, but that his parallax is 
fo imall, one can make nothing of it. For he be- 
ing nearer the fun than Venus, andconfequendy 
further from the earth ; his true and apparent place 
upon the fun's diik almoft coincide. So that no 
difference of the time« of his real and apparent 

mbtioA 
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motiof^ ,oycr the fun's dilk can be diftingulihed. Fig. 
Othefwife^ as his t^anfits happen far oftener than 57^ 
t:K6£b of Venus, thpy would fiave afforded imany 
opportunitiq Ipr this purpoie. . For there are no 
Ipfi than fix tr^Iirs of Merctiry before this century 
^is 'out, VIZ. in V769, 1776, 17^2, 1786,^ 1789 
an^ 179!^' 3ut there are only three tranfits of Ve- 
hu3 b[cfoi:e the CQairpencing of the. next thoufand 
y eai^ 5 and thofe are in 1769, on June' 3d, at 11 

..o'Jcldck isiVhi^ti in J 874, on Dec. 8th, at 4 o'clock 
in the triorning ; and' )ri 199^, pn June 8th, at ^ 

^ o*clQic}c. . So'jchat if that ijp 1769.be let pafs ; no 
turrikcr pi^HJi^unity c^n b^ expe<^pd in this age. 

. f&ija,eypjtpat,will not be vifiole in this country. 

• ^ muft^take j^^^ path of the planet 
iqen by an qWrveV, ' is riot exaftly the fame as her 
path leen from the center of tpe earth which we 
.herecalcuL^te; an^ Jthis is alfo owing, to her ga- 
'raUax.. ,BwVi^ijp^^ methpcl i|s put in ejice- 
. ciiiion, i;|ie|^^^mihg eiyoTs may ea'fily he correfted. 

PRO B. xxr, 

^ofirtd'tbi diftdnce offome of the fixed ftars^^ 

If this proWem is to be done at all, it muft be 58% 
after fiicHa riilnner as this. Chobfe two ftars S 
and T, a greater and a lc0er, which appear iSxceed- 
ingly near tpgether, or if poffible in one line AST ; 
wen the earth (or the uin) is about 90 degrees 
d^ftant from thenl'in the ecliptic ; that is, when the , 
5di|ierehpc pf longitude of the fun and the liars then 
'obferved, is about a quadrant. And out of futh 
a iiiimber of ffars as tnc heavens afford, fome will 
Be found id anTwcr thiis pofition. "Now a greater 
and a Jeflfcr ftar are to be chofen, becaufe in ill 
ptrJb^bilfty, they aVe at very unequal diftanCcs from 
thcf eardi. The earth being then at A, in its orbit 

* ADB^ you muft, with the beft telcfcQpc you car^ 

' N ge;^ 
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3Fig. get, obferve diligently the ftars S and T, in 6f 
^8. near the line AST, and take their diftance if thcj 
have any, as near as poQible. Then at the dn- 
tance of half a year, or when the earth is at B^ 
in the oppofitt point of its orbit, obferve the fame 
two liars ^gain, with the fame inftrumi^nt ; "whrch 
then will appear further at a diftance from one anb- 
thcff , atnd be feen undeir the angle SBT -, therefore 
let the angle SET be meafured as before. But i£ 
you can find no difiefence in thefe angles, then the 
dearth's orbit ha^ no fenfible parallax. 

Now fince the ftar T Is fuppofed to* be very 
fmall, it will prob&bly be at a very great diftance 
beyond S. Alid the angle SBT willoc very near 
equal to the ^ngle ASB, which is the parallax o£ 
the earth's orbit at the nearer fixt ftar, if S and *r, 
Are in a line from A. 

But if S'and T are not in a line, but make an 
iangte at A, dien that angle muft be taken from the 
togle at B, if they can be meafured or eftimated ; 
'and the diSerence will be nearly the parallax of the 
annual orbit ADB, or the angle ASB ; which be- 
ing known, the ratio of AB to AS will be known. 

If the ftars S and T be taken near the pole of 
the ecliptic, 'one may make obfervations in any two 
pppofite points of the ecliptic, or in as many places 
as you will, to find what alteration appears m the 
two ftars. 

If the ftars are «ot very different in magnitude^^ 
the angles at B ^wid T may be eftimated b;^ the 
^ ^iftances BS and ST, and thde by the magnitw^e 
of the ftars ;j from thence the anj^e ASB will be 
nearly known. But by all obfervations that have 
-lii^herto been made, thofe angleisarefo fmall as noC 
<o be had by any inftruments. 

The immcnfe diftance of the fixt ftars is alfo e* 
winced irom this j that- when their diameters are 



1 
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minified loo or 120 times^ the gfeateft of them Fig. 
appear only as points without any magnitude. 58. 

SCHOtiuM^ 

It Is extremely probable, that the annual pafal^- 
lax of the ftars is quite inienfible, and cannot be 
found to be of any magnitude by the beft CQAtrir*- 
ed inftruments. For ftippoiing fome oi the fixe 
liars to be in resdity as bi^ as the fun» as the fun 
is one of that kind of belies. And if any ftar^ 
viewed thro* a tdefcope that magnifies 100 times% 
ihould appear under an angle of half a minute^ 
which is a fenfible magnitude ; the true apparent 
diameter would not exceed ;i8 thirds; which 1$ 
lefs than the 6oooth part of the fun's apparent dia^ 
meter. And then the ftar's diftance would, at leaSt 
be 6000 times more than the fun's. But as none 
of the fiars appear to jiaye any magnitude thro' a 
telefcope ; of confequence the i^r's diftance is far 
more than 6000 times the, diftaike of the fuH. 

Mr. Flamfteed, by 7 year's obfervation^ found 
the diftance of the pole ftar from the north pole» 
CO be greaters about the fummer folftice^ than about 
winter, by 40 or 56 feconds^ and fo concluded 
that the parallax of the earth's orbit was fo much% 
But when this matter i& rightly confidered 1 that 
difference is found to arife/rom the compound mo** 
lion <Kf the earth in its orbit, and of the rays of U^. 

P ROB. XXIL 
^p fnd tbt crhii of a ci^mef* $9* 

This is the moft troublefome piece of work in 
the wh&le praftice of Aftronomy. For the necef- 
jary data tor deoernfiining their orbits, cannot be 
had here, ^ may f6r determining thofe of the 
planets. The reafon is, that none of them is vi* 
• N 2 fib& 



jpig, fiblc for its whole revolution, but only for a verf 
CO. fmjdl part of it. • And therefore a comet is very 
feldom feen in conjuni^on or oppofition to the 
fun i and feldom !at its node, in the plane of the 
ecliptic Sa that it is but iii a fmall f>art of tlieir 
ofbits, tbac one can make any obfervadons upon 
chem 4 >and no man has the opportunity of feeing 
the £ime comet twid^ as they return not till after 
A great number of years. Therdbre a comet can- 
not, be obferved twice in the fame node, nor in any 
one place ; 'fo that we are deftitute of thofe iMe- 
tbods of iobfenrin^, whkk we can m^kt ufe <£^ 
find a plaaefs orbit. 

i Under thefe difficulties, we ai^ forced to call in 
«11 the helps we can get \ and after ^ k caniiot 
he done by any dire& method. For it is of fo compli* 
x:ated a nattire, that it can 6nly be iblved by rror 
iquent trials. And to this end, different |:K»)pte 
have invented diflferent methods of bisoceedmg ; 
and all of them ^ume an orbit at pieafure, and 
iwhere they find the obfenred places do not agree, 
chey corred it after, by repeated 'trials, till*i^th 
great labour^ they aclaft get it tb^oftt^nd with 
the obfervadons. And that is when the domp^ed 
places agree with the obferved ones. The niethod 
I ihall hSr^ purfiieis rather a method for proving* 
the truth of an orbit already found out, than a 
method for finding one. Tho% like all the reft, il 
may be correfted time after time, till it be as pcr- 
feft as poffible. 

As all the planets move in elliirfes, .approaching 
""' very near to circles ; fo the comets,' at leaft thofe 
that return, revolve in very ]oi:)g, m^ excentric cl- 
lipfes, approaching very near to parabolas. An4 
in. that Irhall part of the orbit, in which a comet )$ 
vifible, there is no ferifible difference. ' Therefore 
we are to fUppttfe that any comet moves in a, pa- 
rabola about the fun, placed in the focus thereof. 

And 
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And tlierefore what we have to do is tp find; the Fig* j 
magnitude and fituatioa of a parabola^ in i;ffpea 59^/ 
of the ecliptic ; fb that a comet moymg , therein, ; 
may .have aU its computed places, the ftm6 a5.,thofe- 
obferved frbin the earth. And the fcvcral ekinents, 
of a jComet*s orbit ate thefe,^ ' , . > ^ 

. I. The place of tjie npdie^ 

\2. The inclination of the. pJa»^ of its: ortnt. . 

.3^ Tl^e perihelion djmnece from the iqn; 

, 4.. The place of the pierih^liQn. i» th? comet's^ 
orbij.'^^" 

'5. Tlie tinrie of ks bei«g in. the perihelion. 
^ . .Beferej 9nf can attempt to calculate the orbit of 
^. coj^^ a tu$cient number of obfervatipDs oughc 
%p ])e la^en, .of the places. of the cosn^. Out of 
vhich^thrj^e i^le£b ones, myil.be taken^, .fui table to 
. th^ p^rpafc-; by help of wi]^i9^t thi& bu;^^ to be^ 
cffw;eji. "^herefore^ :...•? 

I. As m)n as ever the comet is. £N^ t^ s^pear,, 
^eg^.t;^ make your - obfcrv^tions. And every 
night about, the lam^ xm^ which muft be exactly 
looted J \,f^vyt the piac^ of the. CQfn?^ among 
£he &u jftars^ by, taking iC5 diftaace- fronx twa 
knowi> ft;^^'^ml contint^tp da this^ a^ long a& the 
comef . appears ) for notwithftandipg ^1 yoi» care,^ 
there will .happen many clovdy and rainy, nights, 
when no pbferyatipns can be niade ; and; tlierefore. 
no opportunities flxould be miffed, , 

: z. .At the, times .yoi> ape obferving the piace$ of 
the QQx^et^, take its app^i^nt dianiieter^. if it cao^ 
be done. By this means vou- may form. ajudgment 
frf" die diiianice.of it at, cwerent times ^ and parti- 
cularly, joja'll know from its greatell an4 Wll dia^ 
naeters, ?Khef ijt is nearest to,, or faritheflt from the' 

carttu • : , ( \ .•'*.".''• 

3. pbferye alio ijcs degree of motion-, and: itf 
. ))rightnefs» and the , length of its tail. Fpr whca 
you fowl it moves fwifteft or appears brightcft, <yovi 
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Fig. may judge it to be about the perihelion ; tho* the 
59* tail will gfow longer for a while after it is paft the 
perihelion. 

4/ With ail the diligence imaginable, dbferve the 
place of the comet when it has no latitude, and the 
exa6t time when that happens, for then it is in the 
node. But if that time cannot be had exaftly, make 
♦ fevcral obfervations as near as you can to the time, 
both before and after. By help of which obferva^ 
tions, you may find the exa6b time and place bv 
the method of interpoUtioo, defcribed ia Prop. VII. 
of the differential method. ' 

5. After you have obfenred the place of the co» 
met aniong the fixt .ftars, you muft calculate its 
longitude and latitude,^ at that time. Arid the lame 
muft be done for all the obfervations., Theii all the 
ktitudes' and longitudes, muft be fet down re^ 
larly in a table, with the times of their happening 
reduced to mean time, ' ' 

6. The . pjace of 2^, comet among the fixt ftars 
may eafily be found at any time by extending a 
thread thro* the comet arid fohie two known ftars 5 
which fall in a right jihe with it ; and then, extend- 
ing anothei- thread crofs of- the firft thro' two other 
ftars running in a line. For the point of interfec- 
tion of the threads, being the place of the comet, 
becomes known, and the longitude and latitude 
thereof is eafily found. 

Thcfe things being laid down, we muft proceed 
to the calculation. It is evident both by obferva- 
tions, and the laws of centripetal force, that the 
planets, and alfo the comets, defcribe areas propor- 
tional to the times in their relpeftive orbits. ' 

7. Therefore fuppofe NAC to be the parabolic 
orbit of a comet, PD its axi^, S the focujs where 
the fun is, and P the perihelion. And let A, fi, 
C^ be three obfenred place$ of the comet in its 
6rbit, taken at a good diftance from one another* 

Let 
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I^t RGI be the earth's orbit;, and let the eatthrBe Fig« 
at G, H, and I, when the comet is at A», B» and C« 59, 
Put Y =: time between the firft and TecoDdobfer- 
vation A and By and W the time: between the fe-^ 
cond and third B and C. From the focus S, draw S A^ 
SB, SC. And from A, B, Q let fall the per- 
pendiculars Aoj Bity Ccy upon the plane of the eclip<» 
tic ; zndciaSa is theprojedion of the orbit CBAN, 
upon the ecliptic. Let.i z: mean diftanceof the 
earth from the fun^ d = :paran3eter of the earth'a 
orbit» r = latus rc6tum of the parabola CAN, or 
8P r: ^, SA = x, SB =jr, SC = 2. S and J^ 
:= the areas defcribed by the earth in the times V 
and W, which are known, 

.8,^ Then (by Cor. ^. Prop. XVI,.ccntrip,forcei5l 
it will b^^. 

^d : y/i^ : ^S : ^y^^-=; area defcribedby the m^^ 

xpet in the time. V. And, 
f 
'y^d ; y/r X It : ^x/^ ^ area defcribed by- the co^. 

metirtthe time W.^ 

But, the areia ASF = .. y/rx—^^rrt. 

, ^ r+ ay. ^ ■ ■ ■ ■■ .. 

and area BSP = — — ^ v rjr --- i rr,, 

•r+22; ^ -;.; — .. 

and srcsk, CStt zz .' ' • ■ V -rz -^-4 n^ 
Wicnce (i) the area BSA = 

-^ Vry — :^ — ■ ^^ >/rx — irr = Vj' 

(2) area CSB = 



w y ' 
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Pig. (See my book of Fliotiom, Ex. 8. Prob. X. Sc€L 
5^. 11. for thefe areas). 

Again, in any parabola P ABC (fig. 6i0> if ^ti 
ordinate CD be drawn to the axis PD, thro' any of 
the points as C, and CS be drawn to the focus S. 
Then (Cor. 2. Pr. I. B. Ill- Conic Sedions) DS + 
ftSP zz CS, or DS rr CS •^ ir. But by trigono^ 

DS CS — 4*^ , , 
loetry CS : rad (i) : : DS : q§^^. — Fc — ^ c^^* 

CSp. Thus we fhall have cof. ASD =: i — 

r-or — — I, cof. BSD = I — -rr cof. CSQ = i 
r 

2Z , . . . . ^ 

9. Then to find the place of tlieiibde^ and the 
inclination of the orbit, near ihe truth. Take the 
two obfefvations deareft the n9de, as: A 1^ B, 
And transferring them to a feparate figure (as fig. 
' do.) lit ban be the ecliptic, BAN the comet's or- 
bit. Draw the great circle &A, Then in the rigltf 
angled fpherical triangle iaA, right angled at j, 
we have ia^ the difference of longitude of B and 
A, and aA the latitude at A j to^fiad.. the fide M, 
and angles ah A and tAa. Whence the angle B^A 
is known, Bta being a right aogle. <Then in the 
fpherical triangle ^BA, we have the lides ^B, the 
latitude at B, and i^A lately found, and angle BM ; 
to find the angle BAi. Then ^AB + Ma taken 
from 180 degrees, leaves a AN. Therefore in the 
right angled triangle A^N, having the 'angle tf AN^ 
now found; and M the latitude at A; to -find 
^N, the diftance of th^ node from a ; and the an- 
gle AN a the inclination of the orbit. * Thefe are 
near enough the tnith, to begin the . computation 
with. 

lb. Now if we had any two of the quantities r> 
X, yj Zy the two equations in Art. 8. would find 

the 
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thp rfft^ and tl^ w^b^iflgaj^ G when die^cofl^^Figi 
is'at A4 draw $^, and dxaw^tf^ to SK>'.alk> ^^^ 

draw A/; ' Firii tKea; ironi inc quick or flow mo* '" 
non of the glanet at P, y<?^?^\?ft judcpjOf the p(e^ 
rihel^on clikance ^^^^ .ana alio ^ its^ dUlsince njOji) 
fhe npde. I'hierf iprc Juppbfe SP,' $ A, . wd thp w- 



r 



glcLPSM to be givift. Theh w* kaVfe Z. ^ i th^^ 



« ■« 



^ofitije pf the ingte. ASP* therefotd. that ah^ ii 
giyoif to which adiltfae angle iJTONv and thebidie 
angle ASN is. kai^p.' :TheitfooeJ& the |ilaiti tihi 
angle AS/* rig^Mkjrigled at j^ wei hawse, the angib 
A^, und fid? AS.v. to.find A/i and Sf. Thehrhi 
the triangle Aaf^ right angled at a^ .^«t^ halve. lAyf 
iiQN^.foiln^' aftd ^li#9 A/f , >t&o tndibatioil of the 
orjisit ; tQ find i\^ii».iind 1^. .AgauLitr:ibit3i^ ahglM 
triangle SA there are given Sf^ Ay to find S^, 
aAd-^iiigfe /S^,' ant! its - fopplement ^Si wit feS 
Ifi^own* 3)othavin& the place of the ^artb ijjiff 
orbit at G^ we h^vf .thp^ w^ fi^&^.t^ which, a^d 
^Stf, and we jha^e^the ium GjSi^ii] Therefore-^ ai 
the tmngle GSa^ wq ha^ve GS the. earth's diflafic^f 
from tnp^fun, Sa ibunfl bei^re» %n^; ^e angle G^% 
ip; fii)d.G<j, and aqglp ^^ tho ioKgkude of .thiP 
cpmet firom the Han a^ the firft obfervatipn, l^40;r 
ly^ in tlie right angled triangle G^^t'^^ have.iQf 
^;^ Aa^ to find the aiigle AGqx^^\io la(it$ide:;(]^ 
the 9ornet at the firft obf^ryatipn. . If thefc agR9 
-with the obferved longitude and latitude, it is v,etf 
vrell.; }f not, we mu^: begin the ^computation. -di- 
new, by^ afluming fome other y^u^s for r, x, fii^ 
angle PSN ; wfeich we muft do by coniddering ^cnhe- 
t^or they ihuA be bi^er or leiOer.^ to gaufe thf 
alterations required. , . . 

- _ I r. if^b proceed then j having •aflumedritafeJ' va- 
lues for the Ijaes ry y, and angle PSN ; the com^ 
putation muft be repeated. But in order, to eftij^ 
mate the values of r, and x j find the place of the 

earth 
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Fig. earth at E, when the comet was obferved to be in* 
59, the node at N. At that time the elongation fix>n^ 
die fun, or the angle SEN is known; to thatif wer 
can judge nearly the pofition of SN, its leneth will: 
be nearfy known. Tnus r, x^ and an^e PSN bring 
again afiiimed, the computation muft be repeated 
as before, thro' all the trian^cs, AS/, Atf Sfa^ 
dStf , and GaA ; to find A/, S/; An, afi &r, and 
lafUy Ga ; and irom thence the angles SGn, AGa % 
vd&ich angles muft be conmared with the obfecvcd^ 
lon^tude and latitude of the comet at A. When 
thus after feveral computations you come near the 
truth, you may find out the erpors at iai^ by the 
rule of fialie. . 

12. The leafaenes of r and jr being ha4 the value 
of jf b found by the ift equatton. Art. S*. And 

ihtu we have i — * iL the cofiiie of BSD, whence 

BSR is known*, Then the computation muft be 
carried on for the point B, as it was before, for 
ijfic point A -, by cdculating in the triangles BS^,. 
mn, Sdh HS^, UbB ; to find Bd, Si, Bh H 
S^, H^, and the angles SHB the comet's longi* 
tude from the fun, anid BH3 the latitude ; which, 
are to agree with the obferved longitude and lati- 
tude at B. But if they do not agree, either r and 
dr muft ht altered in a given ratio, or the angle 
PSN muft be taken different ; and the whole com- 
putation muft be gone over again fcvcral times, if 
there is occafion % till at hft the obfcrved and com- 
puted longitudes and latitudes, are found to agree. 

13. Having thus got the value of y, the value 
of z will be found from the fecond equation. Art. 



r 



8. whence is had i — — the cofine of the anglci 

CSD, whence is had CSR. Then the fame comr 
putations muft be applied to all the triangles in ti» 

figure 



Sea. IV, PROBLEMS; ig/ 

figure Cclsj as was before to thofe in the figures Fig. 
B&dSy and AafS ; till at lall, you get the angles 59. 
SI^, the comet's longitude from the fun 1 ; and dC 
the comet's latitude at fea ; which muft agree with 
thefe obferved, or elfe the whole computation muft 
be repeated, dil they do agree. 
'< 14. If one of the obfervations be taken when 
the comet is in the node at N ; it will very much' 
facilitate the computation. For at that time, it 
will have no latitude ; and the longitude or elonga- 
tion from the fun is the fame as the obf^rved aif^ 
tance from him (SEN) at that time. Alio cof. NSP 

r r + 2SN: 

or NSD = I — -5i3f 5 and area NSP = — — — 

2brH 12 

s/r X SN — . ^r, which is proportional to the rime 
of its defcriptiori. 

And moreover, if the comet be in the perihelion 
at another of the obfervations, the computation 
will be eaficr ftilL Therefore try to get thefe two 
places by Art. 3. and 4. and the times correlpond- 
ing. All which may be had near the matter, from 
fcvcral obfervations, by the method of interpolation. 

For let N, A, B, be the three obferved places 
of the comet from the earth at G, H, I j N the 
tiode, A the perihelion. Let fall A^, B^ Pfrp- to 
the plane otthe ecliptic. , And compleating the 
figures SAaf^ and SB^i, as in Art. 7. And putting 
SN = X, SB = J, SA = pj then we fliall have as 

m Art. 8. area ASN =: —r — x/fx -^ pp tz 

3 

r • • 2p '{' y ' 

Sv/^» and area ASB = — r-- — y/^ — pp zz 

t>/-r> and cof. ASN = — — i, and <3of. ASS 

zp ■ ' 

zz. y — i;. AiTumc the angle SNG or fide SN, 
fuppofe the angle SNG i. and SON being known 
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Fig, by obfcrvation, and the fide GS; then SN,, andT 
^o. the angle GSN will be kfiown. Then putting for 

SN or flfi its value in the equation -'•■'-*— i/y]r---^. 

— S\/^ r: Sv/-^' and the valui of p will be^ 

had from this equation. From this value .of.^or 
SA, coippute the vaHjp .of jy in thfr equattoa 

— i—\^jy—tP = V"J 5; ^^^Q having ;^^^^'and 

r, wefiiall have the angles ASN- and ASB, bjr 
llaving dieur cofines. Then In the figure AaSf^ 
a^Umirig the inclination of the orbit Afa^ yqu mufl; 
compute all the lines A/i S/,, .Ao, «/, S^, and H^r, 
a$ in Art,xo. And froni thence the angles SHa^ 
AHa^ the longitude aild latitude of . the comet ;, 
"which are to o^ the fame with the obferved longi- 
< tude and latitude ; but if they ate not, the incli-^ 

5ation AU myft be altered till they do agree^ 
/hen in like manner in the figure BliifS, all the 
Ipes Bi/, &/> B3, W, S^, and U niuij be com- 

Epted as in Art. 12. and then the angles Sl^ and 
lb, the longitude aiad latitude of the comet AncS 
' tHejfe mui| ato agree with the obfef vations at I» but; 
'if they do not, the computation mult be/I^rfbrm-^ 
cd over ^ain from the pc^g^ing^ by alteirins th& 
value of 3ie angle SNG. For the values of the 
two angles ^iS and A/a, or BdK muft be. of fuclv 
determined magnitudes, that the * coniputcd longi- 
tudes and ktkudes at- A. and B, ,may be the fame 
as the obferved ones. ^ And the operations muft be 
repeated,, by ^teriog their vahies a little, time af«» 
ter tiine, till at laft they prove fo, and then the 
orbit ia knpwn. And this is the eafieft way it can 
De done. * But ft may happen that the perihelion is 
not rightly taken ; and then it muft be altered a 
little, in the courfe of the computation, before all 
things wiUiagree. It ii>ay not be amifs at the firft^ 

trials 
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trial^ to fuppofe the coilict*s orbit perpendicular to ®gw 
che ecliptic ; for then the error Will fooncft be made 59. 
to appear; and fe fooft correO^. ; \ ; 

Cqr. I . : ff.P h fh pwbelio^y § tbi fun in thf 
focus ^ p^ xz SP the ferMion dij^ance^ B a^ plf^e ^ 
4be cofM^V its dyiance SB^zzy^ m4 PSD Ji?€ axis ^ 
4he p^iMa^ "Tben thf $9Jm if the. aifgk BSD = i --r 

•7- ; <v- /*tf f^/ PSB =: ~ — • I. 

^y y 

Cor. 2. 2*1^ jf^^ PSB^ is -^^-r-^pj -^ jy . 
For tliat area == ' .^ v^7— -t>^'(^ Art. 8.) 

Cor. ^. :jHi(/(K^ more xomts wiU he feen in the bc^ 
mifpbere next ibe fun than in the oppofye aue. 

F:Qrsa:con[iet cannot be feen till it be ftrongly il- 
luminated hj the fun, and therefgre muft be 'with- 
in a certain diftance of him. And if a fpherical 
iiirface be defcribed at that diftance about the fun, 
and if it be cut by a plane paffing thro' the earth % 
that fegment of it, in which the fun is, will be 
greater than the oxhi^x ; and therefore more comets 
will be feen in it. Alfp comets will be feen at a 

S eater diftance. towards the fun, where they are 
ongly illuminated, than in the oppofite points, 
where they are weakly illuminated ; and therefore 
WOlfiiOfi^hem wiU be feen towards the fun. 

S CHO* 
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Fig- 
^ Scholium. 

The apparent way of a comet is eafily traced up-^ 
on a celeftial Globe. For if the place of the comet 
among the fixt ftars be obferved every night, and 
marked on the globe ; then a line drawn thro' all 
Chefe places, will reprdent the path of the comet 
among the ftars. And thus a great circle drawn ^ 
thro' two places of the comet upon the globe, will 
nearly (hew the way it has to go. And this circle 
being drawn till it interfefts the ecliptic, will (hew 
the place of the nodes. And the angle it makes 
with fihe ecliptic, will be the inclination of its orbit. 

rf the length of the tranfverfe axis of a comet's 
orbit was known, its periodic time would be known; 
and then the times of their return might be pre- 
dided. But as they are a long time in making 
their periods, fome of them being feveral hundred 
years in revolving i and as we have no obfervadons 
of former a^s Sbove 200 years, that can be de- 
pended on. It happens, that the return of above 
one or two of them cannot be predi£ted with any 
certainty; Therefore the finding out their kverzl 
periods muft be the work of future ages. 

Here follows a table of the principal comett 
that have bci^n hitherto duly obferved^ 
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A Table 






Year of 


Afeending 


Inclinadoa 


PlAce of' thef 
Perihelion. | 


Appear 
ranee. 


Node. 


of the Orbit. 





/ // 


/ 't 





/ // 


'337 


!+ 


21 


32 no 


37 


59 


»47» 


28 1 


46 20 


5 20 


45 


33 30 


1531 


49 


z% 


17 56 


301 


39 


1531 


80 


27 


32 36 


lit 


7 


1556 


'75 


42 


3« 6 30 


278 


50 


'577 


«5 


52 


74 3* 45 


129 


22 


i;8o 


18 


57 «o 


6^ 40 
040 


109 


5 50 


1585 


37 


42 30 


8 


51 


1590 


'6j 


30 40 


29 40 40 


216 


54 30 


>593 


164 


H 15 


87 58 


176 


19 


1596 


312 


12 30 


55 '* 


228 


16 


1607 


5? 


21 


17 2 


302 


16 


1618 


7$ 


I 


37 34 


2 


14 


i6|» 


88 


10 


79 20 


28 


18 40 


1661 


82 


30 30 


3* 35 50 


"5 


58 40 


166+ 


81 


14 


21 iS 30 


130 


41 20 


1 66; 


228 


2 


76 5 


71 


54 30. 


1672 


297 


30 30 


83 22 10 


46 


59 30 


'^27 


236 


49 »o 


79 3 >5 


137 
262 


Z7 5 


1680 


272 


2 


60 56 


39 30 


1682 


»Si 


16 30 


17 56 


302 


52 45 


1683 


V73 


23 


83 II 6 


85 


29 30 


1684 
1686 


268 


15 


65 48 40 


238 


52 


350 


34 40 


31 21 40 


77 


30 


1698 


267 


44 15 


II 46 


270 


51 M 


1699 


141 


45 35 


69 20 


212 


3« ^ 


1702 


189 


25 15 


4 30 


138 


4> 3 


1^06 


>3 


II 40 


55 H »o 

88 36 


72 


29 10 


1707 


52 


46 35 


79 


54 5^ 


I7I8 


128 


43 


30 20 


121 


30 


1723 


H 


id 


49 59 


42 


52 20 


1729 


310 


3* 37 


76 58- 4 


^22 


40 


'737 


226 


22 


iS 20 45 


325 


55 


'739 


27 


25 14 


55 42 44 


102 


38 40 


. 1742 
'743 


18; 


38 29 


66 59 14 


217 


3S >3 


78 


21 15 


2 19 33 


92 


41 45 


'744 


45 


46 II 


47 1 i« 


197 


10 


'747 
1748 


327 


18 50 


79 6 20 


277 


2 


232 


5« H 


85 27 


215 


50 



In this Table the ift colamn contains the Years of appear* 
ing. The 2d, the longltode of the afeending node, retkoned in 
the comet's orbit. The 3d, the inclination of the orbit, to the 
pJanc of the ecliptic The 4th, the place of the perihelion in 
thpcoiBet'fi orbit. The 5th, is rficpcnhclioa dilUAce,f9jfpofing 
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Of Comets. 

ft Ml ■ "■* ■ r ] . 



' 'Perihcl. 
Dillance. 



•40066 

•54*73 
.56700 

.50910 

46390 



■ 111 ^1 



.18342 
•59628 
1.09358 
.576S1 
•089 I I 



•51293 
»S868o . 

•37975 
.84750 

•4485' 

i>Q2575 

.10649 

.69730 
•28059 

;.006l2 

.58328 

•56020 < 
•9601 5 
*3*5<50 
.691 29 



,74400. 

^04590 

•42581 

.85974 

1.02654 



.9986^ 
4.2614 
.22262 
•67358 

.83501 
•22249 
2.1985 
^84067 



Diftanee. 



— 1.609236 

—'•734584 

—''•753533 
^—1.706803 

-^1.666424 



-^1.263447 

-.1.775450 
0.0388CO 

—1.760882 
"7-2.949940 



-—1.710058' 
-r I. 768490 
—1.579498 
— a.938140 
—1.651772 



0.01 J 044 

—1.027309 

— 1.845476 

— 1.448072 

_— 3.7*7106 



—1.765877 

— «-748343 
—1.982539 

—1.511883 

—1.839660 



-^1.87.1570 
—1.810165 
— 1. 6292 1 & 
— 1.934368 
ooi 1380 



— 1.999414 
0.629552 
— 1.347960 
—1.828388 
— 1.884049 



— 1.921690 

— «-.T47325 
o.342ii8 

'. — 1.924624 



Log. Ferihelioi4 Mean time of 

f^'rt ^L i». •• ». 
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the Perihelion. 



Oct. zb 
Nor. 28 
Sept. 27 
Jan. 29 
July 8 



M 



Uhhi 



m 



Junje 2 
Keb. 28 
Aug. 24 

oa. 19 

Apr. 21 



31 
16 



oa. 29 

Nov, z 
Jan. 16 



Nov. 24 
Apr. 14 
Fci. 20 
Apr. 26 
Dec. 8 



Sept. 4 

J"*y 3 
May 29 

Sept. 6 

oa. 8 



Sept. 16 
June 14 
Jan. 19 
June 6 
Jan. 28 



F b. 
Feb. 
Apr. 



30 

>9 
20 

«7 





22 

21 

22 
20 



25 

*3 

18 

12 

^3 



18 

>5 

«9 

3 
1 



«9 

S 

12 

>5 

i-l 
II 

I 

o 
o 

7 

2 

10 

H 
lb 



45 
01 

20 
45 

32 

55 
50 
23 
4<^ 

il 

5^1 

15 

"37 

39 
50 
16 

33 

57 



23 
«3 



Jan. 3 8 

Mar. ft 1 4 

Jan» 19 4 23 

Nov. 30 23 30 

Jan. 3 23 3Q 



lO 

10 

8 

10 



1 ' 



20 26 Direct 
8 4 Direa 



7 
19 



I 

26 



Motion. 



Retrograde 

ftttrogr. 

Retrogr. 

Difcft 

Direa 

Retrogi . 

Drrea 

Direa 

Retrogr. 

Direa 



Retrogr. 

Retrogr. 
Direa 
Direa 
Direa 

Retrogr. 

Retrogr. 

Direa 

.Retrogr. 

Direa 

Retrogr. 

Retrogr. 

Direa 

Direa 

Retrogr. 



Retrog^r, 
Direa 
Direa ' 
Direa 
Retr ogr. 

Retio^r. 
57 Direa 
21 Direa 
o Retrogr. 
J2 Retrogr. 



1' Retrogr. 
Retrogr. 



t9i 



the nican diftancc of the earth to be i . The 6tii, the lo- 
garithm of the perihelion diftance. Th^ 7th, the mean time, 
«t London, of the comet's being in the perihelior* The 8th, the 
notioa of the comet, whether direa >or retrograde. 

O SECT, 



Fig. 



I m 1 

•I 

SEC Tv V. 

7%e Theory of the Primary Planets, and 

Comets. The Calculation of their 

Places . The Equation of Time. The 

Times when the Planets are fiationa- 

ry ; when they tranfit the Sun ; when 

in, CqnjunBion. Their ^jfantities of 

' Matter^ Diameters', Denjitiesy Fi^ 

' gures^ Weight on their Surfaces \ 

. und their ABions. upon ime another^ 



HAVING in the laft Se£t. determined the or- 
bits of the pianets, and all things rekung 
thereto, viz. their periodic times, the tranlverfe 
axis and excentricity of their orbits, the inclrnations 
«)f their orbits, the places of the node land aplie- 
iion, and the time of pafling thro' the apheiiom 
In what follows, we mxift fuppofe all thefe things 
known, which are the neceffary data to pmcecd up- 
pn, in calculating the places of the plandts in their 
Several orbits, for any given time. And in order to 
Jay down proper rules for this purpofc, we muft 
have recourfe to the laws of Centripetal Force, be* 
iore laid down, on which all their motions depend. 
Now it is evident from the moft accurate obferva- 
tipns, I. That all the planets, amongft which is 
|:hc earthy move in elliptic orbits abput the fun, 
placed in the focus thereof. 2. That each planet in 
U$ own orbit, defcribes areas about the fun, propor- 
UOnal to th^ times of deicription, included be- 

^9@i 
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tween right lines drawn from the fun to the planet. Fig. 
3. That in different plan.ets, .the fquares of the pe- * - 
riodicaj times are ^s the cubes of the tranv^fc taxes 
of the orbits v or t;he cubes of the. mean diftances^ 
of the planets, irpmxhefun. From whence it fol-; 
lows, oy the laws of tcntripetal Force, that th^q 
forces of gravitation tbwards the fun, by which 
they are retained in their fever^l orbits, ^e at dif- 
ferent diftancfes, recipirocally as the fquares of thefe 
diftances. And this is the '^rand law by which all 
the bodies in the univerie a6l up6n one another. 
And therefore whatever has heea demonftrated, in 
the dodtrioe of centripetal forces, iipon the fuppo- 
fition of this law. muftbe taken ipr granted, in 
all agronomical theories or calculations whatever* 

EL £ F I N IT IONS. 

DEF. I. 

The true anomaly of a planet is the angle ASN 64, 
at the fun S, c<>mprehended between the aphelion 
A, and the' planet at N in it?' orbit. Or from the 
perihelion, for a comet. : 

• . * • • • • 

D E F. II. 

The mean ^nmaly^ is an angle ASG, taken pro- 
portional to the time- of the plfinets moving from 
the aphelion A to the place N in its orbit. An 
arch of a circle, or fhe area ANS of the ellipfis, 
may alfo be taiken for the mean anomaly. 

This ^ngle ASG increafes unifornily with the 
time, or with the area ANS. And therefore the 
motion of SG round the center S, is called the 
wean motion. 

© E.F. HI. 

Tbr^^ifon btb^ angle NS,G, or the difterence 
between the true ap^-^rPQaili anomaly. This alio 
is called the Pra^bapk^refis. . 

; 02 DEF, 
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« 

^|: DEF. IV. 

Heliocentric place^ heliocentric longitude^ and heU^ 
ocentric latitude of a planet, is the place of a pla« 
net. Of its longitude, and latitude, as feen from 
the fun. 

P E F. V. 

Geocentric phce^ geocentric longitude^ and geocenr 
trie latitude of a planet, is the place of a planet, 
or its longitude^ and latitude, as it appears from 
the earth. 

D E F. VI. 

65. If S be the fun, E the earth, P the planet, and 
PB perp, to the ecliptic. Then ki the triangle 
EPS, or EBS reduced to the ecliptic ; the angle 
of commutation is the angle at the fun ESP or ESB, 
contained between the earth and the planet. The 
angle of elongation is the angle at the earth PES or 
BES, contained between Oxe fun and the planet. 
And the parallax of the orbit \% the angle at the 
planet, or at its place in the ecliptic, EPS or EBS, 
contained between the fun and earth. 

Here AE is the earth's orbit, ,NPC the planetV 
orbit, NB its orbit reduced to the ecliptic, HSN 
the line of the nodes, N the afcending node. 

D E F. VII. 

Tl^e Curtate Difiance of a planet from the fun, or 
the earth, is the line SB or EB, drawn from the. 
fun, or the earth, to the point where the perpendi- 
cular from the planet, cuts the ecliptic. " This is 
the diftance of the planet from the fun, or the 
^arth, reduced to the ecliptic/ 

D E F. VIII. 

The Argument of latitude^ is the angle at the fiin 
JM'SP, between the planet and its, afcending nodc^ 
reckoned in the planet'3 orbit, NPG.- - - 
• -^ DE.I^t 



Sea. V. ? L A N E r Si i^f 

D EF. iX, 6?* 

TKe Radix^ is the place of a planet at fome re« 
markablc poini; of tiine^. a& the, birth of Chrift, &c. • 
From. this, point, ^1 the motion^ are calcuUced as 
f com. a fij^t foundation. 

D E F. X. 

Apparent fir filar time^ is the time as it is fliewn 
by the fun, and proceeds fomctimes &Iterand* 
ibmetimes flbwcr.. 

D « R XI; 

Mtatkcr agronomical time J is the time that goes 
uniformly and equably forward,* without any acce^ 
leration or retardation. This is called True Time. 



E R XII. 

The Equatisnof timti is the difii^enee between: 
the mean and the apparent time. 

1 xrEK xin: 

V 

Afiironomical day oryear^ is tfiat ufed'by aftrono* 
mers.-. The (day begins at the noon of the pneccd-^ 
ing day, and ends at the noon of the following 
day -, and. the hours are reckoned from i to ^4. 
And the year begins and ends on the laft day of 
December at noon. Aftronomical time is 1 2 hour9» 
before the vulgar time. And thefe beginnings will^ 
be different, in different places^ accoiding- to the 
difference of longitude. 

PRO F. J. Prob. 

' Having given either the true anomaly^ or the dif- Sbk 
tance of a planet from the fun ; to find the otbety 
'and the time it will be there^ as alfo the meananomaiy. 

I IFay. 

The periodical time, and the orbit of the pla- * 
Bet» are fuppofed to be known,^ as alfo the time of 

O 3 its. 



15»' T H E. P R 1 M A R Y 

Fig. «s being in the perihelion. Let PNAB be the or- 
56. bit, S the fun, C the renter, P the. perihelion, A 
* theaphedoh; arid' t)tit femitrainfVurfe CP — i, fc- 
mtconjt%ate' CB r: r, excentrieity CS r= », the ' 
dift'aft^ ^the planet SN = jp, its periodic tihie =r 
/, cof. angle PSN = z. Then {Cori 3. Prop. 
LXXII. B. 1. Conic Seftions) wc have SN or jr =: 

■ HM.ui 'o'^n j::i^ r ^ty ^ -— ~ — And (by ££7. 
CA+»xCS . > n + 211 

Prob. X. Sed. tl. Fluxions) we have thie area PSN' 
zi '^ rtv — : ^c + 2u?y — yvj where ? 

zr:' degrees in the arch whoft cofine is i- ' ■■ " • uM' 

(Ptdp.'X!. Centripetal *Fbrce^) the area is as the 
time i and the arei. -df the ivfeble cllipfis is =: 
• 3.1416^4 :^ i?0tf^x.fQi745 J theo.it wijl be,;as 
whole area : / : : area PSN : tinae ftf^mithe perihe-* 

.oiy/^Slcmtr P\4^ cc + 2ay—yj 

lion *"^ ■ - " ■ ' 1* 1 1 iB ■ a,,^ II i > i ... .1. ■■ p--^ 

or the ittnie of dcftriblng SPN.'d: -r^-"" 

thewirfcbil-of d^i^ee^ fethe arch Nj^rhttTe cofine is 

■ ' y I . aiid . mdiu3. 1;. . Therefore i&y. be. given, th* 
laft equation gives the time when the planet arrives 
at N \ and fiitee > rz ^ — s.-^ — ; therefore ay + zw 

• ... * 

=r ^f , and % = f r^^-^ • therefore the ahgle PSN^. 

ny • 

or the true anomaly is given, Or if z or the true 

anomaly be given, we have y^ ^nfl |hc time of ar- 

Tiving ^^t n. 

And i? half the peripdjc time be added to, or 

fub* 
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fwbtrafted from,, this time; we fhall haw thetiriie Figj. 
of its moving from the aphelion. , 66. 

Again, for the mean anomaly, as the whole area, 
to 360 degrees v. lb any part of the area PSN, to; 
the mean anomaly. That is, 3,i4i6r« 1-360 : :. 

" • z " ""7^— '' + 24y— jy . 2x3.1416* 
^ _ V — ^^ + ^g;'— J?;- becaufe i8o X .01745- 

'^ , . ..QJt745* 

TheK&re the mean anomaly is,. 

55 _ 57:29578 ^««-?-Jf^ recfeoiiiflg from. 

the pcrihelipa> 

Con I. . thec^Jme: of D i J ^ ^ ^^ ' ' 

VForCoC P = -^ = -^j: = 

Cor. 2. D /j /i&g number of degren. in. the ardh 
■wbefi. JmM -'■ ; ■ ■" " . ^ — -7 — • 



Fdi! that fine 



/ — 
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Cor. 3. //■ /i&^ ^/<»»</ in moving from the peribeM' 
•j4 be i(^ the aphelion ^ then the equation before- 

Q ik gi'"«fH. 
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Fig- givin^ jhews the time in which ii will coine io ihfpe* 

6t>- ribelion a^ain. 

For the angles, and diflaoces, are alike on both 
fides the axis AP j and therefore the time is the 
fame. That is, the time in nP. is the fame as in PN. 

Cor. 4* Hence a Sable may eafify he mi^de for finding 
the time when a planet will be in anyplace of its orbit. 
Take the angle PSN fueceffively equal to i, 2, 
3, 4, &c. degrees, to 1 80 5 then its cofine z is 
had^ and from thence j?, and laftly the time when 
it will be at the diftance y. The table being thua 
conftrudled to 1 80 degrees, will ihcw the time and 
the diftance for any given true anomaly | and this 
by a direft method. And vice verfa^ fiaving the 
time given, you may by the fame table find the 
diftance, and the true anomaly, correfpondiiig there- 
. to in their feveral columns ; taking a proportional 
part as there is occafion. 

But if you would rather chufe to have a table 
where the time inci-eafes uniformly, you may ealily 
transform the prefent table, into fuch a one, by find- 
ing the angle PSN, and diftance SN, from the 
time in this table; which iseafily done by taking 
parts proportioHfil. And thus a table may be com- 
pofed, where any one of the quantities, may be made 
to increafe uniformly. 

Example. 
Suppofe PNA be the earth's orbit, and the fun's 
true anomaly ASN = 6o\ and PSN = 1 20^ ; here 
azz ly € =^99857,^ =: .01691,2 = ~^, then 

-— ^ = — .48725 =r Con 



y = 1.60824, and 



D 



119.16, andD= ii$*i6^ ^^^'To ~ '^^^ 

•00235 J therefore 



and 



cc + 2ay — yy 



5t^X 3* 141 6 
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f33i ' — .00235 X / or .32866 X 365* 6^ p' iVl- Fig* 
zr 120** o** 59' 41" from the perihelion*, or it wants 66. 
62** 14** 4! 5 b'' of the aphelion. But in 1767, Ihc 
fun is in the aphelion June 30** 10** 30" 36* 

fobtradt it from 60 14 4 56 

' gives April 30 20 . 25 40 the 

mean time required; But it is better to have the 

hours,' minutes, feconds of time in decimals of 

days •, and the minutes and feconds of degrees, in 

dccimali of degrees.. 

Alio the mean anomaly is D — 57.295 X .O1477 

= 119.16 — .84= 118.32 =: ii8^: 19'. 

» 

2 ^^. 

Suppofe the time to be reckoned from the aphe- 67. 
lion A. About the tranfverfe. AP, dcfcribe the 
fcmicircle AQ^, and thro* the planet's place at N, 
draw QNH perp. to AP. Put CA = tf, CB ::: 
r, CS r= n^ SN = yj fine of the true anomaly 
S.ASN =: J, cof. ASN =: 2, / = periodic time. 
Then (Cor. 3. Prop. LX2CII. B. I. Conic Seftions) . 

y = ~^^ — And Rad ^i) : S.HSN (s) : : SN 0) : 

NH = Sj. And (Prop. XIX. ib.) C& (0 : CA 

asy • 
(a) : : NH (sy) : QH = — • Let// = number of . 

degrees in the arch (AQ) whofe fine is 5 f ■^^)» 

to the radius ij then AQj=: a X .01745331/. But, 

AQS = 4: AQ X AC + 4^ CS X QH = r^ >^ 

asy .01 7 Jis^aad nasy 
•01745W + in X f- 1 — - + ~ 

Alfo the area of the fcmicircle AQP = — ' V. 

arid of the whole circle, 3.1416^/1; and of the. 
ellipfis AQPB, ^.lAfi^ca. But a\t\\ circle : ^- 

Upf|» 
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^j2;iipfi3::AQS:ANS=:^^^H.f. And 
' eUipfis (3.H.6«; : ANS (iSiZl^iff^ 4. ^ ^ , 

. .• ^^r-u- AXTc ■Q'74533^^ , 

/ : time of defcnbing ANS iz — 3 ^ + 

^ 2 X 3.i4io 

wy/ 1// nt V 

m* ■■ » i«— ■ » .^.^ ■■■■■111 I yt — • 

2l'x 3-i'4*6^^ "*" 360 2^X3.1416 C 

Therefore having given any angle ASN for the 
true anomaly ; z and j will be known, and confe* 
^uehtly J, and from thence rf; and therefore the 
time of defcribing ANS will be Ibu^d. 

And for the mean anomaly ; as the area of the 
ellipfis, to the area of ANS; fo 360 degrees, to ' 

the mean anonialy. That is, 3.1416^0 ; ■ f — : 

, nsy *oi745^ ^ ^ , nsy ^ 

^2 ^ 2X3.1416 ^ ^2ftfX3.Hi6 
X 360. Therefore the meaa anomaly \a zz d -^ 

J?7-«9578,« X £, degrees. 

Cor. I. Tiejm of dis ' ^ • ' 

For It is_— =: — X — ^ zz * ' 

^ c a-'-^zn a- — zn 

. Cor. 2. the mean anomafy is zz degrus in tbeatch 



AQ + —QH, or AL, making QL = — QH* 

JExafnj^09 

In the earth's orbit, we have a = i, n = .0169^,. 
r = .99857, and let die true anomaly ASN zz 60** ^ 
then jr = y^, 2=4^, whence y =z 1.0082, and 

— = •87324, whence a = 60.84. Then -g^ ^ 

.1690^ 
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•'^90, and 2^xV^4i6^ T ==^ -^^^35 5 and g^^/ 

• 1690 + .00^35 =r ^17135, and .17135 X / =; • 
.17135 X 365* 6*' $"• 14*4- =^17135 X 365.256 — 
62.5865 r:: 62** 14** 4*" 47*> which happens on Sept. 

And for the mean anomaly;' rf r: 60.84,* anrf 

57.2Q/r jy 

— ~X ^;=.&46»&nd6o.84r^.84fiz: 61.686 

= 6x^41'?^'. ' * 

In the ufe of th^fe rules, it ^ill be beft to wbrk^ 

by logarithms i for many ctf the quantities remain, 
conftantty the* fameV in the fame orbrti and create 
little trouble. 

Sch6 l iu m. / 

By either of tjie fofegoing rufesl, |he ftiean ^no-? 
maiy is'fo^nd dir^ly.frofli t^e trut artpmaiy, ac-^ 
curately true. But the true friwiBOC be found from, 
the, incajQ :^jw>ma|yi, foj* ehcre i^- nmhiog given to 
find it by ; nor any method, but by.gijieffing, and 
the m.ethedisr cf approtlmatiftg' ; and therefore it is 
unnatiiVal to feek the true from* the fi\m^> Hencci 
tabjes of the mean anomaly ought firft to bel calcu- 
iatpd from the true ; and thefe tabks may after-? 
wards be put intp a different form^ if any bon . 
dy' thinks pf oper ta do it. 

. ; Fut tf any one fhould think fit tojclsilculate th< 
true from the mean anomaly being given ; it is evi^ 
dent That ht muft ftiH work the iame- way as if the' 
true was given. For he muft afliime the true ano-^ 
maly by fupoofition, as near as he can, and. from 
thence carculate the mean, by the rule as it lies 
before 'him. And rf it : does :nQt anfwcr to thai 
given ; he muft try again, by making a nearer fup- 
pofition;. Arid at laflrby htlp of the errors, he wilt- 
find, the true one fought 

•* PROP. 
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Fi& 

PROP. IL 

68. V N he tbi place of a planet in its erhiiy S the 
fun in the focus \ then the plane fs angular motion a- 
bout the otb^ focus F : is to its mean nfoiion : : as 
the reSangle ACE of the femiaxei i is to the rec^ 
tangle FNS of its difiances from the foci. 

About the focus F, with the radius CA, dcfcribe 
the femicircle VEL Let Nxi be a veiy finall part 
of the orbitij and thro* N, », draw FNO, Fno ; 
and from n let fall perpendiculars upon FN> SN,. 
which will be equal to one another, becaufe the 
angles ON» and SN/i are equal (by Prop. X. B. L 
Conic Sections) ; call this perpendicular, x. Witk 
the fame radius CA and center S, defcnbe the 
circle EDK, and draw SN, Sn^ cutting the drcle^ 
in D, and d. Let VM be the mean anomaly whei^ 
the planet is at N 5 and Vjw, when it is at n. For 
the mean motion may be reckoned about any cen- 
ter F, C, or S. 

Let AC = a,<E =: f, CF = », SN =: j, FN 

= V. Then if N» reprefent the velocity of the 

planet in its orbit, O^ will be its velocity rieduced 

to the circle VEI, or its angular motion about F ?, 

. and Dd its angular motion ^out S ; and Mm its 

mean motion about F. Alfo let arch VM = M> 

VO zz F, KD i= $, ^ = 3.1416-i xhcnpa = VEI^ 

pac yx 

~ z: area of the femiellipfis AEP, and ~ = 

area, NS». 
Since the mean motion is as; the area defcribed 

pac 
in the fame time ; we fhall have — (area AEP) : 

• ■• ' 

^ (area NS») : : pa (VMI) :' M» = ~ =:M. And 

« C 

by fimilar feaors, y (SM) iX::a (SD) : Dd = 

aUt 
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^ = S. And V (FN) : x . : a (FO) : Oo = ^f * 

*- r: F. Therefore S, F, and M arc tx) one ano- 

j!her as --' "iT and --• And M = ^ X ^ = ^ 

JVC c c 

X^ =^ S, and alfoM=^x xz::^X^ 
a ca c c a 

F" sz — F, But the velocities are as the fluxions 
ca 

of the.fpaces, whence F (O^) : M (Mm) xi caivj. 

Cor. I. ^be angular motion round F is equal to ib& 
fnean motion^ where the reSangle SSF is equal to the 
reStangle ACE, ^ And then there is the greatefi equa- 
tion between F and M. > 

For then M = -F = F. 

ca ' 

Cor. 2. From the aphelion^ where ca is greater 
than vyy the motion round F is greater than the mean ^ 
motion \ and when vy r= ca^ they become equal \ af^ 
terwards when vy is greater than ca^ the motion round 
F is Jlbwer than the mean motion \ and the angles (F 
and M) draw towards an equality^ then M leads Jill 
Shey meet again at P. 

For the motion of FM from A is flower than 
that of FO* And it lofes ground, till fuch time as. 
vy zz ca^ when their motions are equal-, after* 
wards FM moves faflic^r than FO, andcomes nearer 
and nearer to it, till they coincide, where FM takes 
the lead. 

Cor. 3. Univer/ally^ the angular motions at S and 
at F» and the mean motion ^ are as —^ ^----9 an4 

I ' ■ 

ACK » ^^' phff^^ ^<i^S in ^^ p^ce as N. 

JFot 
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Fia • • • ax ax jx 

^' For S, F and M arc as ~7 -^ ^7* or.^ 

ayx ayx itfx 

— » "^ wd — • But jf^5s a ^vcn part of the 

• • • a a 

area^ therefore we have S,.F and M, ^ —:> — » 

and -^ ; that is as ^-^ -^ and -i. • 

ca yy '^ « 

Cor. 4. T'it^ angular motion of a planet round the 
Irigbor focus ¥j is greator than -tbe mean motion^ near 
the apfides A and P -, and lefs^ J ban tbe mean motion at 
and about E fbe mean diftance ; and is tbe fame at 
igual d^ancafrem tbe^a^es A a^ P. 

For\Bear A 'VfnA P, the re£Uogle vy is leflar ihaA 
<^ and near £ it is £;reafier thai ca ^ and i$ equal 

to it when SN oxy zz a±_ s^^ka -— ca. And &ice 
the reAangle vy or SNF is the fame at eqy al diilances 
from E, or from A and P ; therefore in two fuch 
places the angular velocities round F, are equa^. 

Con 5. Thfi motion t^ {he fimet about tbe fun nt 

%y is equal io^Jtke msan motion^ lobtn SN^ zz AC xCE« 

yy I • ea * 

' For M =: ^ 5^ aod when jp? 3: r^, M =^ ^ S 

=:S. 

* 

. Cor. *6. ^be motion round F is iiqual to 4be motion 
naundB, wbeu^N zz NF.. 

. For S : F : : — } ~ - : ^ ^JJIX : : v : J ; ,thp^^|prc 

when V zzvy S zzF. 

Example* 

5o Suppofe AEPB to be fuch an orbit, that C bc- 

^' ihg' the ceifter, F thfe higher focus, S the focus 

where the fun is, AC ;= 10, BC z= 8, CF z:: 6, 

, taif 
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half the latus reftum L F = 6.4, AF = 4, PF = Fig- 

16. Then \/aa — ^ ca ^ y/io ==4.472136, and ^5' 
y =r 14.474 or 5.528, <when <a — vj. Therefore 
if yo^mafcc SG and SH = 5.528, and Si and SK 
=: 14.472. The poitits G^ !, K, and H will be 
the fo«r-poinrts of the -0 rt>k, where the mocton gf' 
the planet round F, *wiB be equal to^the nnfeanmo- 
tran. And k thefe points, are the greateft eqtra- 
Cton, €f the an^ F. In the arches AI, AK, PG, 
PH, the motion aboat F is greater than *he mean 
motion, and the greater, the neai^r A or P. Be- 
tween I and G, and H and K, the motion about F 
is lefs than the inean motion, and the lefe, the neajrer 
to £ and B. But the eqimtidns at I and K ard 
greater than the equations at G and H. For the 
planet ftay s longer in the arches AI, and K A, than 
in the arches GP and PH^ and therefore the angle 
F gains more in the 'former than in the latter. And 
that gain is the equation, i(x they are together at 
A and P. They are alfo together at fome pla<ie 
between £ and G, and alfo between H and B. For 
F having a greater -equation to lofe in paffing thro* 
IG, than i,t Jias in pafliqg thro' HK^ the planet -Will 
be paffed E before it be loft. And likewife the 
equation H will be loft before the planet arrives at 
B. Hence, the mean motion and angle F, arc to- 
gether at A ; in paflinjg thro* AI the mean mption 
IS left behind ; in paffing thro* IG, the mean mo- 
tion goes paft F 5 and F advancing from G to' 
P, over;ake% the mean motion again at P. In like 
manner, thro* PH, the mean motion is behind F ^ 
but overtakes it near B, and goes paft it \ and at* 
laft F overtakes the mean motion again, at A. 

Jf you make SD and SQ =;: \^ac = v/80 r: 
8.944, then the pkiwJt's motion at the points D and 
Q, about the focus S, will be equal to the mean 
motion. Laftly, at the points Eand B, the motions; ^ 
round S and F are equal. • 

S c H o- 
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)^^ Scholium. 

From the irregular increaling and decreafing of 
the angle F, in the courie of the planet's motion ; 
I it cannot be a proper medium for finding out the 
mean anomaly. For before this can be done, a cer- 
tain equation mull be found out to adjuft it by« 
But it is far more difficult to find out this equa- 
tion for F, than to find out the equation of the or- 
bit, or that for the angle FSN, or the true ano- 
maly ; and therefore I fet this angle afide as ufelefs 
for that purpofe. , Indeed, when the orbits are not 
very excentric, it will not vary a great deal 5 but 
this is by meer chance \ for that variation cannot 
be computed without a great deal of labour, which 
is a certain fign, that it has no relation to either the 
mean or true anomaly. And the correftion given 
by BuUialdus only mends it in fome places ; but 
in others, makes it worfe \ and therefore does not 
anfwcr the purpofe. 

PROP. IIL 

70. 1/ AEP he the orbit of a planet^ AQ?tbe circUfH- 
fcribing circle \ N the place of the planet y QNH per- 
pendicular to the tranfverfe AP. And if QC be 
dra^n to the center^ and NF, NS to the foci\ then 
voill CF : SN — CA : ; radius: cof ACQ, called 
Jthe excentric anomaly. ^ 

Let CA = ^, CF = n, SN zzy, coH QCH =: 
fs. Then (by Cor. i. Prop. V. B. I. Conic Sec- 

tions) CF X CH = CA x SN — CA, that is » X 

CH z=zaX y — tf. But in the triangle QCH, rad 
(r) : QC {a) : : S.CQ^ or cof. QCH (:r) : CH = 

ax ax ^ , , 

— • Whence ;; X — = » X CH zz aXy — tf, and 
r r- 
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~ z^y—Oy or nx zzr X y — d. Therefwe » : g * 
r : ly-— a : X. . 

Cor. I. ji AT SN = CA + CS X «/ QCH, ra- 
dius Being i. 

For r Xjf — tf = jr — il = «;^, and^ = ^ +ipf. 



» • « 



^ ^„ AC X SN — CE* _ 
Cor. *; «H = jpg =; CS +*X 



CA. 



For SH = H + CH = » + - = » + t X T 



Xjr- 


-.* = 


* + -^Xjr-« 
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^be aphelion difiance AS : femiconjugate CE : : /tf;!r. ^q, 
4 /i^^ excentric ammah ACQ : /^»» 4- ^^^ ^^^^ anomck- 
^ ASN. 

X 

Let SA'±: d^ the radius = i, the reft as before. 
Then from the laft Plrop, we have y zz n + nxy 
SH = » + ^. Produce SP till SO = SN, and 
di»w ON, thcp the angle HON = 4 HSN. And 
fincc X = cofine of QCH, therefore (by Schol. 

, = tan. 

iQCH. And in the triangle NOH, OH ; rad : : 
NH : un. NOH. But OH = y + SH ,:s » + 

«* + » + vw = i + i&j and NH = — QH = 
r^aa — CH* ci -^V aa. — aaxx r: r v i 



^ -— , (^a. — aaxx r: r V i ^^ xx, 

u , a 

Tlyreforc i xT+1? ; x : : ^v^i—xx: tan. NOH 

P = 
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Fig. ^ c >/i — MX _^ c^/t—mf c h"—* 

5= -J X 5JP. iQf H. Whcncc<i:f::«M|,,SQfH: 
tan. NOH or 4NSH. 

, * • • * • 

Cor. I. Ai \^AS the afbelio^ i^ame : VPS tht 
W\b^on difianct i : tan, ^AiCQ tb£ixfp(frif aig^- 
h : tan. 4rASN the true anomaly. 

For (by Prop. III. EUipfis) AS X SP = GB*.- 
An4 fince.// : ^ : : tan. jQCH : tan. ^^i tjm 
fe, AS t CB i : tae. ^Q CH-; tata: ^WSETj Iflierefore 

v^AS^ : y^ prj/'Af X SP. i; WiQC^ < 
tan. 4^NSH : i v/aS : v/SP. 

Cor. 2. y^ /». /r«f anomafy ASN : ^fl« excentris 
anomaly ACQ, : : feniiconjugaie CiELi diftance SN. 

For rad (i) : QC («; : ; .SQPH : QH = « X 
;S.QCH i and a : V : : OH : Nfl = ^^'STQCH, 
And fn the triangle SNH, S.NSH vtm^^'iA 

fX&QCH- ' 
6.QCH : : rad (i) : SN = ^mw. » ap4 

S.NSH : S.QCH ::.<:: SN. '^ - 

Cor. 3. As Jim of half (he tme anornkh^ ASH : 
^Me af half the exi:enMc anomaly ': : v^8B *^ j>^* 
^^/i{?;i dtfiance : \/SN ih^ dj/faneeof the planet. * ^ 

For.? = cpf. dQH, and (by Schpl, Prop It 

^' V Trig.) ♦/-T~ = fi«P <^ iQ<?*i' . ^ ^ 
mangle NHS, SN OJ : SHffB + ax)i : f«d (i) ; 

^of. fiiSH. - Sni-Sli Theriforc (Trig* iB.J- tfic 
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— • Tlierefore fine iNSH : 



V 






, . . >- - - • ' ■• » ■ 

PROP. V. l»wJ. 
J^i* 4l^,^xir^iiMr«^Mli)fi^^^ i t^ find the man^ j i; 

• ■ ^ - A ^ 

, . • * * -X T\ ^ -. " 

* . . •' - * 

I 

ijet AN^P be «he *)i*k; AQP tlic ciitrumfr f ibing 
Cifcle. Taise tfie ^xomtric ^andmidf ACQ, toy 
faqgle |K>u pleafe^. fixmi ^tit ^ have t^e ttf eh AQ, 
, the fine QH, and the area AQC^ jand thcf trian^e 
QCS, and (he-area AQS^ Then fake the area of 
the femicircle, to the area AQS •, as rSo degrees, 
iio'afoufl^ Whkii is the mean ianomaly. "For the 
area AQS is to the femicircle AQP ; as Ae areti 
ANS, is to the femiellipfis ANPj that is as i8o, 
£t9 line mefisti ^^Hially. 

Again for li^^ is-ud an6m^y, livfe have given QH, 
id ^m fibence NH ; HC is alfo given being the 
ioofinc of AQj tlhjett we have HS ; therefore in the 
trightMgled imftft^e SNH, we 4iave the fides SH, 
INH; to find the angle NSH of the true anomaly. 
And in the fame triangle the diftance SN will be 
had. And therefore the mean and true anomaly 
»id the diftance, thus found Agreeing to the fame 
«fiumed extoiftrk: anomaly ACQ, will correfpond 
mvAi one another^ 

Cor. I • Henci^ fy means df the txcentric anomaly^ 
^ ma$^ 4»eM ^^d irue i^wma^es m^y be.fmnd or 

'^ z we 
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Fig. ^^ pl^^fii ^^ ^^^ mrefponding dijiances ^ and put 
yf. into a table for ufe. Or fucb a table mof be put 
into a more commodious form^ if there is occafion. 
. For affuming the angle ACO or the arch AQ, 
fucceflTively ot i, 2, 3, &c. aegrces; the cor- 
refponding anomalies. and diftances may be found, 
which being put into a table ; then at any time, hj 
finding the mean anomaly in the table, the cor- 
refpondent true anomaly will be had ; or at leaft 
may be found by taking a proportional part as is 

ufual in fuch calcs. . • . 

* 

Cor. 2. Hence^ the mean ancmaif is found at awf 
tinte^ by dividing the elligfis AEPJBC by the Hne SN, 
fo that the whole area of the elUpJtSj be So the area 
ANS ; as 360 degrees^ to the mean anomaly. Or by 
fa^ing^ as the periodical tifne of the planet y. to the tisne 
0f its moving from the aphelion 5 fi is. 360 degrees to 
she mean anomaly. . . '* 

P R O P. VL Prob. 

To aompofe tables for the ready ^ cakutating the places 
cf the planets, r .. -" i; 

* ' • . ' • -» 

Altho' the place of a planet may be found from 
the foregoing propofmons, by diyidiiig the area of 
an ellipfis in proportion of the . periodical time to 
the given time. Yet. ais this requires a great deal 
of calculation, aftronomers have GOh0xu£ted.tables, 
by help of which a. great part of. this laboar is 
faved *, and the place of a planet found with little 
trouble. 

/ lii order to the conftru&ing thcfe tables, the 
4)rhit of the planet rnuft be given, and its periodi- 
cal time, and the time when it i$ in the aphelion.; 
che place of the node, and inclination of the orbit. 

In the firft place the radix of the motion mull 
h^ fettled ^ which done, the mean motion, or meM 

anomaly 
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anomaly muft be calculated by the foregoing pro- Fig« 
politioss, for years, days, hours and minutes, af- 
ter this manner. As the periodical time, to 365 
days ; fo is 360 degrees, to the planet's mean ano- 
maly for a year. And as the periodic time to. i 
day ; fo 360 degrees, to the anomaly for i day. The 
anomal]^ for i day being had, by continual addir 
tion of it, the. anomaly tor 2, 3, 4, 5 days, to 31 
will be had. Alfo adding the anomaly for a year 
to itfelf gives the anomaly for 2 years •, and adding 
a^ain, gives the anomaly for 3, and added again 
gives that of 4 years •, but becaufe every fourth 
year is leap year, and contains 366 days, the mo- 
tion of a*day muil be added to. the 4tn year,, and 
fo for every fourth year ; till you come at 20 ; from 
which will be had the motion for 40^80, 160, 200^ 
300 years, 9cc. and fo on to thoufands, or as far 
as you will. In all which, when the amount ex- 
ceeds 360 degrees, 360 muft be thrown out. T4iefe» 
mean anomalies are to be regularly difpofed in ta- 
bles, correfponding to the particular times. You. 
lAufl alfo have the mean anomalies correfponding 
to the beginning of every month. 

In another table, to all the degrees of the mean 
anon^aly,* you muft have the degrees of the true 
anomaly correfponding;. or elfethe equations, to 
find the true anomaly by ;' and alfo the log. of the 
diftance from the fun. Inftead of this table, you 
may have a table of the planet's heliocentric places, 
with the curtate diftances from the fun, and-the> 
planet*s heliocentric latitude. 

Haying the inclination of the orbit^ a tabk muft 
be conftrufted to all the degrees of the argument 
of latitude; containing the heliocentric latitude, 
and the redu6tion, and curtation. Thefe are cak 
culated by plain and fpherical trigonometry. For 
from the inclination of the orbit, having the hy- 
pothenufe, which is the argument of latitude, you 
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Fig, m$y find the petpencfiailar, which is the hcKoccii- 
trie latitude •, and alfe the bafe. Then the diffe- 
rence between the hypothenufc and bafe b the fe- 
doftion. Then the phjntt'9 diftance frotfi the fiM 
being given, and the angle at the ftin, 01' the he- 
liocentric latitude; we Have the hypothenufe and 
an angle at the bafe, in a right anded plain crian- 
gte, to find the bafe •, |hen the difference betw;eea 
tlie bypothenuie and bade is the curtation^ Thefe 
nmft alt be calculated for every degree df the ar- 
gument of latitude, and put into a table^ 

Upon theft principles, feparate tabfes muff be 
calculated far every planet. After the lame man^ 
ncr, are tables to be calculated for the fun or the 
earth, excepting the table for the argument of lar 
titude ; for the fon, never deviating from the eclip- 
tic, has no htitude. 

Several authors, calculating by dSfiferent mcthodsj^ 
make ufe of different tables -, but the conftruAion 
of them, will appear eafy enough from the nature 
of them, and from what has been delivered before^ 

PROP. VII. Prck 

Unvim given the prioditat times of tie planets $ 
ta find the trunfutrft axu ef their erintSf <r then* 
p-oportiortal di/tances from the fun. 

Tho^ feveral methods have been hid' downr ii^ 
Proh. Xiy. Se£L IV. for performing this 5 yet 
when the periodical times are truly determined; it; 
may be done with more eafe, and greater certainty 
from the kws of centripetal force, Prop. XVli, 
Therefore^ make as the fquare of the periodical 
^imc of the earth, to die Iquare of the periodical 
time of any planet j fo the cube of the tranfvcrfo 
axi^ of the earch^s orbit, to the cube c^ the tran^ 
Yerft axis, of the planet's orbit \ and i^ the cube of 

the 
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the mesa d^btKe d£ the earth from the ftrh, tb the Fig« 
Cdbe of die mean dtftance of the plariet from the 
San. AikI the niiean diftahce 6t the eartH beiing 
tadcen to.bc i of loooo, the proportional moan dtf- 
tancesi of tM plariets from the fun are h^^ of the 
cHameters of thwr orbks. And thefe niuft be in* 
creafM according fo Prop. XXII. centripetal forces^ 

Cor. iX?^/ (Be periodic times of the planets, their 
mean dtfitmces jroin tbefuny ana excentrtctttes^ wtu he 
IS fotk 



as 



ws.. 



-u 



Fl^ttts [ perfodic times [mean diitances 



^r». .*oys^ 7 o 
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Scholium. 

Jt appears by compari/ig together the obfcrva- 
tions made in' ancient times and the prefent : ' that 
the periodic t4Hae of Jupiter is increaupg, and that 
qf .Saturn decr^afing. For when thefe two planets 
are in conjonftioh,. by- their great magnitudes and 
a^traftive forcics, they aft upon . one . another, and 
difturb ope another's motions 5 by y^liich means Sa- 
turn is fomething retarded, and Jupiter acceleratr 
cd> in their refpefted orbits* 

. p ^ a p.' vii>. Prd, 

c 

^Q^ find t^e equdiibti ' of tifrie\ or t'be difference I'e^ 
fween'tlie true and apparhii time ^, 

As all uriifbrm moli'ohs afe prdpbrtionai to the 
tinaes/ wlxef ciii^tKefc' motlons'are performed j thiere- 

P 4, fore: 
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Fig. fore havitig the times given; the motions will be 
known; or haying the motions given the times* 
will be known. Therefore the motions and tinfes 
may be taken for the meafures of one another* 
But fince the motion of the earth in its orbit (or 
which is the fame, ojf the fun about the earth) is 
not uniform ; the apparent or vulgar time will not- 
be uniform or eauable. For the earth moving in 
an ellipfis, goes lometimes with a quicker and fbme- 
times with a flower motion. Again, as the fun's 
apparent motion is not in the plane cf the equatcur, 
but in an orbit inclined to it in an angle of 23^ de- 
grees. Therefore it will feem to move unequaUy* 
therein, fometimes making a greater diurnal mo- 
tion along the equmoftial, and fometimes a lefler ; 
fo there are two caufes to produce the inequality 
of natural days ; the ellipdc orbit of the earth, and 
the obliquity of it to the equator. 
7^' Let ANP be the earth's orbit, S the fun in the 
focus ; make the area ASB == area PSD ; then the 
areas ASB, PSD are defcribed in equa^ times ; and 
fince AS is greater than PS, therefore the arch PD 
is greater than AB. Whence the CMth moves 
flower in the aphelion A, and quicker in the pe- 
rihelion P ; and varies all the way firom A to P, in- 
creafing its motion to P -, ib that at any place N 
the angular motion is reciprocally as SN% (by Cor. 
3. Prop. 11. centr. forces). Suppofe AB and PD 
to be defcribed in the times of the earth's rotation ; 
when the earth has made an endre rotation about 
its axis, the meridian of any place will pais thro' 
the fame ftar, as it did at the beginning when it 
• was at A. But the earth in the wme time havine 
cally (or the fun apparently,) moved thro* an arch 
of the ecliptic equal to AB, the fame meridian 
does not pafs thro* -the fun, it being then parallel 
to AS ; therefore the earth mull continue its revo- 
lution about its axis thrp' an angle equal to ASB, 

before 
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beibre it can overtake the fun. Again, the earth Fig. 
pafling thro* PD in the time of its rotation % the 72. 
meridian, being then parallel to PA, it will not 
pafs thro* thfe fon at S, but the ^atth muft conti- 
nue it3 rotation throV the angle PSD, before the 
meridian overtakes the fun. But the angle PSD 
beinjg greater than ASB; and the earth's dhirnal 
motion being uniform •, the meridian of any place^ 
will be longer of overtaking the fun, at P, than at 
A ; or the fun will be longer coming to the meri- 
dian at P, than at A ; that is, the days will be lon-^ 
ger when the earth is in the perihelion, than in the - 
aphelion. And therefore, fince the perihelion hap* 
pens near the middle of winter, the days will be 
longer in winter than in fummer. 

It is plain (by Cor. 5. Prop, II.) that the mean 
motion about S is equal to the true motion ; when 
SN =: fquare root of the produft of the femiaxes i 
. and that happens in two pbints of the orbit. 

Let AEPQ^be the prime vertical, EQ^the equi- f^ 
noftial, BL the ecliptic. Suppofe the fun to move 
uniformly along the ecliptic CL, fuppofe it to be 
at D ; thro* D, and the poles P, A, draw theme-* 
ridian PDF A. It is plain, when D is near. C, the 
motion CD, along the ecliptic is greater than that 
along the equinoctial CF ; becaufe the hypotheniJfe 
CD is greater than the bafe CF. But when D is 
near L, the motion along the equinoftial FQ, is 
greater than that in the ecliptic DL. For the part 
DL almoft coinciding with a parallel circle, muft . 
be lefs than the corre^onding part FQjjf the great 
circle. Therefore, there is a point between C and 
L, where the ^lotion along the ecliptic CL, ii 
equal to the motion in the equator CQ^, or where 
the motion in longitude, is equal to the motion of 
right afcenfion ; but in all other points thefe two 
motions are unequal. After a quadrant of the eclip- 
tic is defcribed, they coincide at L and Q. AncJ^ 

V lb 
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Fig. fo they coincide at atf the eqainoftial and follHtial 

73. points. 

Hence the equation .of tintc depend uponr the 
laid two caufes, which are indtepentlcnt tfti. 6he ano- 
ther. Sometimes they incfeafc thfs irteiiyitalWy or 
equation of time, when they concur togWher ; andF 
Ibmetimes they diminifh it, if tliey hzppin to be 
contrary. Therefore to find the equation of time 
anfwering to thefe two caufes feparately. 

1. For the elliptic orbit of tlie earth. Find iSib 
true anomaly from the mean,, by a tabfc computed* 
By Prop. I. Then the difference betwecrt the true 
and mean anomaCes converted into time, gives the 
equation of time 5 and this muft be done for aH 
the degrees of anoihaly. Where obferve, tRat reck- 
oning from the aphelion, the meail j>lace precedes 
the apparent place, from the aphelion to the pe- 
rihcfion, where they coincide $ bur from the peri- 
helion to the aphelion, the apparent place pre- 
cedes the mean ; as is evident from what is deliver- 
ed in Prop. I. whence, the mean time is longer or 
Ihorter accordingly. 

2. To find the equation, in regard' to the obli- 
quity of the ecliptic. Let Cf) be the fim's longi- 
tude, in the equinoftial CCX take the arch Cl' =: 
CD. Then in the right angled triangle CDF, we 
have given the hypothenufe CDv and the angle 
C, to find the right afcenfion CF -, then CF taken 
from CD or CI, .gives the difference FI, which 
converted into time, gives the equation of time for 
the longitude CD. And this is to be done for all 
the degrees of the ecliptic, and put into a table. 
Where note, the mean place I, precedes the appa- 
rent place F, in the firft and third quadrants ot the 
ecliptic. But the apparent place precedes the meani, 
in the fecond and fourth quadrants. 

J 2. Hence therefore, in the firft and fecond quadrant^ 
of anomaly, the equation muft be fubtrafted frortk 

th^ 
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the appaiferit, to give the mean time^ But in: tbe Fig^ 
third and fourth qwadr^ants o£ anomaly^ the eqjaat ^t. ^ 
tion mult be added' to the apparent time^ to. havej 
the mean. And this from the eUiptic orbit of the 
earth. 

And upon account of. die obiiijuitjc of the edip- 73* 
tic, in the firil and thiid* quadrant of the ediptiCr - 
the equation muft be fubtrafted from; the appar4int: . 
time to get the mean ; and in the Itxondanarouriii* 
quadrants, the equation muft be added to the ap- 
parent time, to have the' mipail^ 

And. when both thefe caufes are confidcrcd,, the 
entire equation of time will confiif oFtwo ,pdrcs,.aiQdL 
is always.the fuin or difference of two, arches.;., one 
of whidx is the difference ef the fun's true and 
riiean motion j and the' other the difference, of the 
fun's loi^gitude and righc aicenfion. Ivronx thefe 
feparate parts ,two tables are computed a^ was faicl. 
before,, which wilt be perj^etuail And from thefe- 
two tables a third is compoied'; which will not be 
perpetual; but will.fcrye without feniible error, for 
an age ; becaufe the earth's aphelibn and vernal^ 
equinox, which are the initial peints of thefe mo- 
tions, vary a Tittle in their pofition, which when it 
becomes fenfible neq.idires( a new table. This third 
table is ufed to feve the labour of taking out the 
equations at twice out of the two tables, which by 
this is done at once ;. which fkortens the work in 
the calculation of the planet's places. 

The conftruftion or this table is thus. BegiA. 
at the vernal equinox,, and take the equations cor- 
refponding to the Oj i, ^3, 4,.&c. degrees, fronk 
the table of the fun's mean anomaly. Then in. the* 
table of the fun^s longitude, feek the place of the- 
earth's aphelion, (which is about 8 degrees of Can- , 
cer), begin there, i^nd wpte out the equations af all 
ihe fucceodiog diEgrees in* order; which mu& be^ ' 
i"eige(Sively annej^t to tfae fetmcr^ either^ by addingL 
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Fig, or fubt:ra£kinK as the two tables direft, prefixing 
73. the fign of the major quantity. Thcfe muft be 
placed againft the reipedive degrees 0,1, 2, 3^ 
&c. in the 3d table 01 the fun's longitude, and if 
this be continued quite thro' all the figns of the 
ecliptic, you'll have the table required. This third 
table will either be m degrees or in time, accord* 
ing as the two firft ^ are. But it is eafily convert- 
ed from one to the other ^ for a degree is equal tQ 
4 mmutes of time. 

Jnjbortihus. 

Let V be the firft point of Aries, A the aphelion,; 
O the fun's place ; then put 
' ez=, fun's equation for his true anomaly ; which, 
is + in the firft 6 figns^and — in the laflL6. 
/ =: fun's longitude. 
r zz fun's right afcenfion. 
then e + /— r = equation in degrees, 
and let ^ + / — r reduced to time = / the abiblute^ 

equationofdme^. 
then mean time + / =: apparent time. 
or apparent time — / z: mean time. 
And thus a general table is conftrufted. 

The ufe of the table. 

1. To reduce the apparent to the mean timejr 
find the fun's place, againft which, you'll find the. 
equation ; which add to, or fubtraft from, the ap* 
parent time, as the table directs, gives the mean 
time. 

2. To turd the mean into the apparent timet 
find the equation as before, which add to, or fub-^ 
traft from, the mean time (contrary to what the 
table direfts^, gives the apparent time. 

73* Cor. i.» If the earth* s orbit was a circle, coincid- 
ing with the plane of the equinoSial\ the apparent 
and true time would be the fame. For 
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For in this* cafe the earth's motion in its orbit Fig, 
would always be uniform, and confequently the 73. 
fun woxUd feem to advance equally every day, and 
there would be always the lame conftant addition 
to the earth's rotation, in order to overtake the fun. 
Andthe ecliptic and equator coinciding, there could 
be no difference between the fun's longitude and his 
right afcenfion. So that the mean and Iblar days 
would always be the fame. 

Cor. 2. Il is evident J if the eartVi apbeltM ani 
peribeUon coincided with the equinoSial poinds j that 
in tbefe points the equation of time would be nofbing. 

For thefe are the tMfP:beglnning$..of thefe fcveral 
equations. But in proce(^ of time^ thefe points be- 
ing removed from one another, the.placcs where the 
equation is nothing will alio be removed from thefe 
points ; becaufe in , coihbining thefe two difie^nt 
tables, they will aflia -one another, and the reftilt 
compounded of both^ can neither agree with one 
nor the other. . * • . - 

Cor. 3. The mean agronomical day exceeds the time 
of the eariVs rotation;^ 3* 56'. And the time of the 
eartVs rotation to tjbe fame fiar is 23** 56"* 4'. 

For *;^7^ or .5^5 6 i6 the degrees the iun advance 

in a day, and which; the eaith has. 16 overtake, a^ 

ter its reyolptiQii. tQ the fame ftar ; jaad .gS^ X 4 

minutes =: 3": 56% which takea'fronl 24^ leaves 

23** 54™ 4% the' time of the earth's rotation. 

' * • •« « • ' 

Cor. 4. HencCy in a year the earth makes $66^ r(l^ 72.^ 
solutions about its axis.. 

For the earth revolving the fame way about its 
axis, as it moves in its orbit ; it has to revolve thro* 
the 365di part of the circumference, to overtake 
the (un, after its rotation is performed \ and there- 
fore in the whole years or 365 revolutions, it has 

another 
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Fig. another whole revolution to mak^ which in all is 
72. 366^. 

Cor. 5, i« 'I? #«»» /btarda;^}^ ^6^ ^' «'' ^ tie 
ugquat^ paffes under the meHdkm. 

For •j*^* degiees =: -^^'^^ ftnd^tfcis is what 
tthe fiin adfviaiities m 41 -day ^ 4ltfs meaa tnodon. 

Con 6. /IT^ eguaiiomvf4ime<0'e grMfft umi k^^ 

, «;i&^» /i&^ apparent time is 4ff/ial tf Jffit im0tk ^ ^ 

fufCs motion in a day^ is 59^ 8^^ And that happens 

m 4lm ^iige^iobottt ^ n^h ^f^^v^ryy t ^h oj Miy^ 

i^^kb iff July^ tad «)C H?f NMmb^r. 

idiecqtwtibns ^ane at a tohA^, mS aK lihen either 
-gcbateftcpr tieM;: ^iUd «h^ liMcis 4re -€6 %e liad 
Som 4ihe tabU^. 

Cor, 7. ifTw? V t^A?^ »*:rf5{?iit6'viflift^':* Ajqp 
4n((m ^imej ilmi^^gfi aj^ ^"^ ^y fim iks\infitmt0 
\a^ ^dfi^fir'i f^ifyg /*^^' afm^p^irAt J».ih iim 
$J its returning to the fame point agaim / •. - . . 

^ ' Ftomfceifce 'a "tatfte may.lbe -matJe of the ,eqtla- 
tion of-tifflic far^aH the. daysuff'ihr year. Atid thife 
i^ do/ic by-c9pfid<yiogin'What^nts of die eclip- 
tic the funlsi on every day at tibon, *nd taking 
-tdse .oomalxindftitt'^qudinonS) fwtti the Isahle df the 
4Ws iosngituidke; '^nd^^k ia^AOt fMldieyit to make 
aoHCJtaWc^ bur'foonrnaift >be*nftde; for4eap year,, 
and for xhe;foft) Second, 'and thiki yeaEsafcer le^ 
year. For. therf are 6 hours difference between one 
' • year and ^noA^r ; 'and in 4 years it J-eturns again 
nearly to the fami?. JBut thi^ fable will only feryc ^ 
;for an age. " 
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The cofiiu of the fm*s declination is a man proper- 74. 
tional between the raMnf fi»4 ^b* coftne of the obUqai- 
t)i ff tkf uUftiCy »t tbe pint wUret^t fi^i^i motion 

intUec)^^ifn^ii»}.iohk'miiofi^p^^»lc^^^ , 

\j(X. ECL^f tHe €?jjiinoai^, CL the eciiptic, f . 
the pole,^ d^e nUf f of ?hp fwn, P5./ a merjto.. 
paffing thro* the Tun,' and ASB a parallel (^ decli- 
nation. Draw ihc meridian Pr/'infinitery near P&4 
cutting AB in r, vc^ CIm it^ A 

The triangle Sr/, right angled" at r, being very 
f«w4i> m^ b« t«>Jsei^6Mcapi»ia Wiangte* XA^wifore 

^ ^ ^ w4xSr rudy;Sff _ ; 

(Ttig. Bi lit RiDP. IV. C3c«. 5-) C9f. '^^ : rad j : 

radxSf.. ■' • , ' • . . , 
Sr-.df — — r~j^ ' Then fince the motion in lon- 

«W(diBf-i»^W«J*totIitiftotionitl rigfre aft'enfidn ;. '^" 
^ " •/ radxSr '*aax§r - 

therefor? $»QSi = cot ds- By t in t^-.wght aijigled", 
fpherical tHangle G^/S- (by Ckfe 11.) rad ''• $.CSS'.or 
cof. 4f : ':' coi. if : cof; |C//: 



« • A 



r - I - - 

'wbtn the fujfi fMCiimin tbi $Gtiftkis if ml t^ t^br 
Cor. 2. \4^Jbk U^if^dg 0k /4wf fWtist in (he 
Con ij: Jfence there dry. four points in the 'ecliptic^, 

each at ^ $^ 1 4/ diftance frovn the e^uinoffial, poinih 
fr 4i^''^& frm fhe trapicsy where the man mi, 
truf motion of the fun are eqmf. ^ 

This is regarding only the pbliquity^ of the eclip-* 
4c^ . fettjing audfe thp exccJatricLty. of tfie earth's, orbit. 

Cor, 



r > 



/ 
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Fig. Cor/4. Atfo in tbtfe four pemts^ the eqtutimu afi 

■74. tit peatefi mid kaft. 

SCHOLIVM. 

• It was (hewn before (Cor. 5. Prop. II.) that the 
ejlrdi's motion about the fun is equal to the mean * 
motion, when its diftance from the fun is a meaa 
proportion between the femiaxes of its orbit. And 
this is, fetting afide the confideration of the obli- ' 
quity of the ecliptic. 

PRO P. X. 

^tbe folar dofs nre longeftwben the eartlhis^ in its 
peribelion^ and Jhorteft in iie aphelion ; in regard Sa 
its elliptic oriit. But the days are hngeft whin the 
fun is in the tropics^ andjborfeft in the equmokes i re- 
garding only the obliquity of the ecliptic. ... 

72. If ANP be the earth's orbit, then fince the if«- 
locity is greatefl at P and leaft at A ; the diurnal 
sirch PD, defcribed by the ca|rth, will be greateft «t 
P ; and AB the leaft, defcribed at A. ^ Therefore 
the angle PSD is the greateft, and ASB the leaft. 
But thefe angles, are what the earth wants to re-' 
volve thro* to overtake the fun, and are the additi- 
ons to the fydereal day to make the folai* day. But 
this addition is greatefi: at .P:aad kaft at A. There* 
fore the folar days are greateft at P and leaft at: 
A 5 and in other places are of 4 mean quantity. ^ 

7 J. Then in regard to the obliquity of thc'ecKptic, 
the motion of right aicenfion will be greateft at L,^ 
for two reafonsj firft, b^qaufc it is then. parallel 
to the cquinoftial, and without any obliquity. And 
fecondijf, becaufe it then moves equably in a pa- 
r^lel at L, and therefore the motion referred to Qj 
in the equmodial will be greater than that, and at 
"LU the greateft it can be, as the point L is the 

furthcft 
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furthcft from the equinodial, that it can be. But Fig. 
at tht equinox C, the fun movi6g uniformly thro* 72. 
CL, will make a lefs motion along the equinoftial 
CF, than along the ecliptic CD; as the bale of a 
triangle is^ lefe than the hypothenufe. ^. And the 
leaft motion will be at C, where the obliquity is 
greateft; Therefore the addition to the days will 
be leaft at C ; that is, the folar days will be great- 
efk at L and leaft at C. And at other, places are ^ 
of a mean quantity. 

■ • ■ 

Cor, I. Hence, the days ate unequal thro* the whole 
year^ beingfometimes longer and fometimes.ftnn'ter. 

Here- an ' hour, : being a twenty- founh part of a 
day, will alfo be unequal at different times of the 
year. ' 

^. Cor. 2. Having regard both to the elliptic orbit 72. 
cf ihe eartk^ and the obliquity of the ecliptic -^ the 73, 
fongjeji and'jBort eft days will fall upon fome inteme-^ 
4i^te points. 

' This will be when the 'equations of time in the 
general table differ the moft ; which is eafieft found 

by looking into fuch a table. Hence, 

... ,. 

Cor. 3. ' About Mar. 2 7, ^ the natural folar days are 
i^" lefs than the mean days\ and about June 24, 
1^' greater \ and Sept. 19, 22'' /f/}; and Decem- 
ber 22 y 30^' greater.. So thoit a day at the end of 
December is 52'' longer than a day at the end of Sep- 
tember* 

PROP. XL 

7be velocity of a planet ih its orbit at atr^ place N : 7^- 

is to its velocity at the mean difiance, SD : : vOfN, the 
Ouare root of its dijiance from the other ftcus. : 

V'SN, the fquare root of its difiancefrom tbefiin. 

For if PC or SD = r, SN = dy then FN = 2r 
— d. And (by Cor. 3. Prop. XVI. centc. forces) 

QU . the 
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Fig. fif'-^d 

-6* the velocity in N is as ^ — j: — But in D, the 

diftance SD or i =:: r, therefore the velocity in P is 

yvrr-r I r 

— r^ = V 7" == '• Whence, velocity in 

N : velocity in D : : ^ — ^ — : i : : s/zr -^ i : 

Cor. I. ^he velocity in the dpbeUon A: is to the 
. vekcity at the mean diftume SD : : AF : CD tke fe- 
mico^ffnigate. 
For vel; at A : vd. at D : : v^FA : ^SA or 

i/FP : : v/f5>X : V^FAxFP : : FA : CD, (by 
Frop. IIL EUipfis). 

Cgr. 2. Tbe velocity in the j^erihelioH Vi velocity 
at the mean diftance SD : i FP : CD, the fmicorir- 
jugate. 

:For vel. at P : vel. at D : : v^FP : v/SP : i 

v/FP* : v/SP X FP : : FP : CD : : SA : CD. 

/FN ' 
Cor.. 3. The velocity^ in af^ placi if is as ^^ -gjj* 

* By the dcmonftration. 

PROP. XII. Pni, 
77. To find the furfs place and diftance at a given time. 

Let L = arch r A©, the fun's mean longitude 
or mean place. 
P = V A, the place of the apogee. 
A = fun*9 mean anomaly, AD-^ . 
. E = equation belonging to the aopmaiy 4^' 
which is + or — . 
G =: arch bcfFonging to the eqtiation of time, 
which is + Or — . 
. D=: 



* 1 
I 
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D = log. diftance for the iame anomaly. Fig, 
Tfien L + E + G ;= fijin'a ^rue place, or P + A + 77. 

and numb, of tfie Ib^. B jp his diftance. 

1. Fixxj^ ri^ tafelcjs of tjjig ipean ^Qtjon of the 
fun, wrKe"p5 jt t^e nymbers fot »the year, month,' 
day, houfv minme ana. fecond j for the lun's ano- 
maly, aitf place -of^ t;he apogee, ii^ two fcpafate 
columns. And add thiem Up. 

2. To tlte fon^ meap^ anbmajy add the place of 
the apogee ; and the fun^ lithe fun's^mean longitude. 

3. Seek the mean ai^omajy in th^ table of tlie 
fun*s equations; and take the e(|uatiol) and propor- 
tional parti anJjwQriog the^to^ A^hkh fuptrafte^ 
from, or added to, the mean longitude, as the ta- 
ble dire<^, gives the: fi|n*5 true topgitude, to the 
mean time ; rejefliing 3^ deg^ when it exceeds 
that. 

4. Find the equation of time in the general ta- 
ble, anfwering to the fun'St tnie longitude. * Find 
that ^^1911 in thp tablp of the filings mean a^io- 
maiy^for Kpurs, &c. and aga^inft it Is the arch, which ' 
(jaccording as d\e ablblute equation of time was^ ^ 
or *— ) IS to be added to, or fubtraflted from, the . 
fotf^ longitude;, gives his cprreft longitude for the 

app^aiienf tinije given, 

5I In.the cable o^ tfte fvui's^ mean anomaly, fincj • 
the log, diftance aofyerlng, and' the -proportional 
parts ; fhe,. number thereof is the true difta,nce. 

Nqte, if ypu make \ifeof tables, printed before 
1752 •, you n^\^il ukJe put for ii days left, aftei^ 
idiat time. 
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£*. I. 

^0 fndtbefutCsflacey Jan. ^i, 1766, at noon. 

£j H A L L £ y's tables. 



O mean atiom. 



An. 1766 
Jan 31. 

O in. anom. 
ap. 

G m* long, 
equa. 

true long, 
cq. time 



6 ii 13, 28 
19 42 43 

* - ■ 



Long, apogee. 

• o / f/ 

3 8 44 53. 

:,3 ■. 



7 I 56 iij_3 8 44 ^6 
3 8 44. 56 



CO .10 - 41 7 eq. time. 
+ 1 . 2 40. -h 14' 8'^ 



16 n 43 47 arch + 35" 
+ •'35 



10 II 44' 2 2 hisf correft-placev' 
Log, diftance =t 4-993 .755« 

■ ■ ■ ■ '> > I '■ 



» •!• 



E^knatian.' 

In the table of the mean motioni' of the ifurt, 
againft 1766, you have the fun*s mean anomaly 6* 
12* 13' 28'', and the place of the apogee 3* 8*" 44' 
SI*' 9 to thefe add the motions for Jan. 31, which 
are 19** 42' 43'', and 2^. And you have the fun's ' 
mean anomaly 7* 1° 56' ii'V and place of the apo- 
gee 3^ 8° 44' 1^6^. Whofe fum 10' 10° 41^ 7 is 
the fun's mean longitude for that time. Then the 
equation for the mean anomaly 7* i"* being i** 1' 2^ 
the equation for 7* 1° ^& 11'' is i** 2' 40''; which 
(by the table) added to the mean longitude, gives 
ID* 1 1** 43' 47" for the fun's true longitude. Then 
the abfolute equation of time, anfwering to the fun's 
longitude, is + 1 4' 8'', correfponding to which, in 

, the table of the fun's mean motion for hours, &c. 
we have -^ zs^ which added to the fun's longitude 

i L > ' before 
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before found, gives lo* ii° 44' 22'' for his gorreft Fig^ 
longitude. And finding the mean anomaly in the 7^, 
table of the fun's diftances, you'll find (by pro- 
portioiial patts) the log. of his diiUnce 4..^g^y^g. 

Ex. 2. 

Pind the fun's place Oft. 25, 1768, at half an 
hour paft nine in the morning. 

Here becaufe 'tis in the morning you muft write 
0£k. 24* 21** 30°" 5 but bcCaufe it is leap year, and 
after February, you muft add a day ^ fo the time 

is 0&. 25* 21** 30*, ' 

• ■- • . • ,. 

By HAtLEvV Tables; . 



O mean anom 

• o 



An. 1768 
Bif. Oa. 25 

21" 
30" 

O in> anom. 
+ 

O m. Ipng^ 
equat. 

O true lopg. 



/ // 
611 42 48 

9 12 52 3 

51 45 
I 14 



«*— •■ 



3 25 27 50 

3 8 47 43 



7 4 15 33 

-- « 45 57 



-m^-^^^^m' 



"Longi apog. 

3 8 46 55 
48 



3 8 47 43 



equat. time 

— .15° 50* 
arch 

-39"" " 



7 2 29 36 
— 39 



• I 7 2 28 57 corrcft place^, 

» 
Log, diftance = 4,996930. 

Some tables give the fun's mean longitude at 
once I and then the place of the apogee is to. be . 
fubtra£ted from the longitude, to find the mean ano- 
maly. For;P + A zzL, and A =; L -r-P, And 
this way. is as Ihort as any. - 
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Fig. ' • ' -\ ^ 

f> RP P. xm. 

6$. Lei £, be the earth in its ariit A£, P a planii in 
its orbit NPC, PB perpendicular to the ecliptic^ S 
the fun \ then the fine of Hhi angle of commutation re- 
duaed to, the ecl^icy ES3 : is io thefi$^']pf 'the ekn-^ 
gation BES : : as tangm ^f the belkantric latitude 
PSB : to tangent ^f the geo^Mrk iatifudf Piik 

. For li;t SAN be the linjC of the no<fcsi ^and 6kxm 
SB and EB, then in the plain triai^le £$E^ S.ESB^ 
S,SEB : : EB : SB. And in the right angled tri- 
ansles EBP, SBP j iEB rBP:: : jid i tan. BEP = 

BP BP 

gg X rad. AAd SB :'BP : : wd : tan. fiSP = -gg- 

X rad. Therefcfe /.feElP : iah. 'BS^ : : 5^ : ^ ; : 

SB : EB : : S.SEP : S.ESB. V 

' ' ' , ' " ■ ■ 

Cor. As fine of the aime ef €«mmiitatidn of ibt 

fanet in itsprdper oriU.rEB? : fint ^ %e an^ 9f 

elongation^ PE* : i fine if ihe be^nfric latitude 

BSP ; fine of the geocetittic UtitHde CEP. 

^°' s^ = "s3sp-* ^^ ^- -^smr^ 

therefore SP : EP : '..^ : g;^ : : S.BEP ; 
^.BSP : : SP : EP : : S.SEP : S.ESP, , , 

PROP. XIV. Prek. 
jg, ^a find the plmof « planet^ at a given :time. 

XiCtL =r |)lanet!smeaa Ibngitucfe or'place, v N|u 
F = longitude of the iq)heliQrt, <vNA* 
I^ — F :::; A = mean anomaly, AuTp. 
;E =: equation for A, + or —. 



Sea. V. PLANET s: , 231 

. . -K = place of the afoeadmg node^ <v»Nic Figm 
L + E c:; H =: iieiiocentric longktid^, 
H — N = argument of Utitude, NP. 
R zz reduction betongiflg to H-rN, + or— v 
Then L + E + R = true heliocentpic Itog^tudc^ 

Again, 
X^tiB s (Jiftance, for A, SPi 

X = heliocentric latitude PS^ and c zz cw ^ 
tatiba, for H — N. 
then B — Czz diftance in the plane of the ecliptic$^ 
ajid.the^^p^mric Utitude Isfqund by Prop. XtlU 
^hcn in the. triangle formed t^ the earth, fun, 
and planets there are twolidc^s, and ^e^ncluded 
aijigle at the . fun, given •, to find the angle tt the 
earth, which added to, or fubtra^ed from, thfi pla- 
net's true heliocentric longitiKle,. according to their- 
pofition, gives the geocentric lOngit^e. 

It is tiCe eafieft wayto di^w a figure, as it di- 
rects the whole wqiJc, and m^es the prbceis in^ 
telligibjie. 

If you calcuUte by tafcl^ j^ntsed before 1 752 ;. 
you mxiQ. ts^t^ put for 1 1> days ;Ie&> after that year« 

%he Rule al length. '-. 

1. Find the fun's place and curtate diftance by 
Prop. XU. to the given time equated. The op- 
pofite to that is the earth's place. 

2. prom the tables of mean motioni take out 
l^e plahet^s mean longitude, the places , of the 
aphelion,, and node, for the mean time^ which.put . 
m feparate columns 5 and add them up. 

. 3. From the planet's mean longitude, fubtra£t 
that of the aphelion, the remainder is the meanc 
anomaly •, which in fome tables is giveh at once. 

4. Find the equation for the mean anomaly, and 
add. it to, or fubtraft it from, the mean longitude,. 
4S the table dircfts, gives the planet's heliocentric 

0^4. 5. Fronfi. 
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Fig. 5. From the hfeUoccntric longitude of the planc^ 
fubtraft that of the node i the remainder is the ar« 
gument of latitude. 

6. * For this argument of latitude; in its proper 
table, find the redudion> heliocentric latitude, and 
cur^ation. * ' ■ 

7. The reduction added to, or fubtrafted from, 
. tKe heliocentric longitude, as the table direfts ; gives 

the true heliocentric longitude of the planet in thq 
ecliptic. 

8. Find the dift^nce for the mean anomaly, from 
which fubtrafk the curtation ^ the remainder is the 

' curtate diftance of the planet. 

9. Take the difference of the longitudes of the 
earth and planet, which is the angle of commuta- 
tion, or angle at the fiin. 

10. In the triangle made by the fun, earth and^ 
planet ; find the angle of elongation ; which add 
to, or fubtra^ from, the fun's place; according as' 
the planet's apparent place or the fun's place is fore- 
mofti which will appear by the figure ; and you 
have the geocentric place of the planet 

1 1 . The latitude is found by the proportion in 
Prop. XIII. 

Examp. I, 

To find the geocentric place of Mars, Nov. i2^ 
1 76 1, fit noon, meantime. 

By Prop. XII.* The fun's place is ;• 21** u' 45^ 
and the earth's i* 21'^ 11' 45''. And the log. cwt 
fate diftance = 4.995016, ^nd diftance ;p 90853, 
Then tor the planet's pl^ce. 
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fig- 



1 761 
Nov. 12 

|n. ion. 
equa, 

hel. Ion. 
reduc. 

tr. h. Ion. 



year 1 m. long. 



II 3 ^7 42 
5 9 5Q 3' 



4 13 *8 13 
+ 3 a 9 



4 10 2a. 22 



aph. I 

5 1 44 30 
58 



■fc Ti l > 



4 16 20 20 



log. dift. ,5.219915 
/ curt. , 226 

h curt. dill. 5.219689 
diilance 165840. 



5 I 45 ^8 
ri II 32 45 
mean anon). 



node 
I 17 3 20 

32 



i 17 3 52 

2 29 16 28 

arg. lat^ 



heLlat..! 50 59 north. 



i place 4 16 20 20 at p 
O place I 21 It 45 at T 



com. 2 25 8 35 = <: TSp. 

Then in the triangle TSp, the fides TS^ S^, and 
angle TSp are given, to find the angle of elonga- 
tion STp zr 2 2 33 18, by^ Cafe 4, of oblicjw 
plain triangles ; then, 

from §) place 7 21 11 45 
t^e the < . 2 2 33 i8 

remains f 1 ^ ^ 
geoc?nt^ place J ^ * 3^ ^7 

l-aftly, S. com. T^, 85 8 35 — 9.9984377 78, 
S. elong. STp, 62 33 18 — 9.9481457 
tan. h^l. lat. PSp, i 50 5^ -^ 8.509 IJ48 

tan. geoc. lat. PTj>, 18.4572805 

I 38 58 Nor. 8.4588428 

J^xamp. 2. 
To find the place of Venus Sept. 9, 1768, at 5 
o'clock in the morning \ that is Sept. 8** 1 7^. 

The 
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Fig. The fun's jplace by Prob. 3f H. is 5 1735 iq^ 

7«, the equation ot timq (3' S'O.dedufti then the mean 

time is ^p'* ifS^ 56'^ st\ And log^ fun's diftance 

5.002607, and the\iiftart€e 160600.- Theaforthc 

place of Venus, 

JSIjf H A L LB yV T«3&/. 



79- 



1768 

leap year 

Sept. 9. 

16^ 

52* 

m. Ion. 
equa. 

hel. Ion. 
reduc. 

Cr. hel. Ion. 



year ( mean Ion. ; 
5 6 3^ 42 



o 26 



7 20 

4 5 

3 44 

3 



6 3 ^i 54 
+ 40 6 



4 32 o 
+ t 56 



10 7 25 25 

_|7 

10 7 36 6 

7 26 IS 48 

>mean* anopi. 



node 
2 14 S3 



^«aip 



^•< 



I 



64g3_5" -argum. lat. 



2 14 33 2^ 

3^9 58 38 



heUlat. 3 11 < 



Ipgi^ft. z: 4.857664 
curt. 20 

{. cur. dift. 4.857644 
diftance 72052. 

!« Ion. 6 4 33 56 
Ion. II 17 3i5 10 

<:;com. 5 13 I -14 

Theii in the triangle 4? S&, we have two fides 
given, and the angle atS 5 to find the ^netlc it ^% 

7° 4' 34^'. 

Then to the fun's plate 5 17 35 i a 
add the angle at ® • 7 4 34 ' 
^¥'s hel. place 5 24 39 44 



• J 
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iLaiijr, -S. com; (»^ <» «(;) 9-4654*54 ^>gr 
.:.:S.^rtg^: (^ -7 -^ J4) '9'0905675 7S» 
T. hel. lat. ( 311.1) 8.7452446 

■ -If. ^.Wt4forth' 17.8558121 

...... 'i to ^8 8,3703(867 

in^metijbles thfe «ieafi 'artomaly k had dtrcdtly 
from the. given year^ month, d^y, &c. And by the 
.ttieaii ^ntimaly, thfe ^^hi&t*s*helrocentric jlace is had, 
with its ^diftance and "heliocentric Jatitiudc. And 
that ^method is ihorter t&an the foregoing one. 

PROP. XV. 

ff AR, CB te the drMrs of two planet s^ both cir-So, 
adary and in ibe fame pkme -, S fbe jun in their torn- 
m9n cinm. Put ^tim:radiuS-'SK or SR = r, r^ 
dim SB == R. ^hm - fiipfqfing me of tbem A ^r B 
to be the earth \ t%e cihir^ 'any plaHH ; -^then that /Ai* . 
net i^ll ^peSt fidtiwoiy ta a fpe^ator at the earthy 

y^Rr 
iviien}bejoftne of the angle ASB =r- '^Ti^ZZTT^* 

radius 4^eing i. ^ 

Let the two planets be at A and B. Let A move 
thro' the iqpace ^ A, whilfl: % moves thro' die fpacc 
^B. Therefore ak and ^B are the velocities of the 
,twt) planets ; and thfefe (by Cor. 5. Prop. V. ceiit. 
forces) are reciprocaliy as the fquare roots of the 
tidii r and R. . Now that one of the planets may 
]ipf)ear ftaSonary at the other, the lines conneftinj 
ifeiftm, ab and AB, muft be jiarallel; otherwif 
th6y^annotl3e difcft^ to the fame-ftaror point 
In the htaVehs. Produce aK and iBto intcrfeft m 
F ; or which is^ the fame thing, draw AE, BF per- 
Tpendkular to the radii S A, SB, to meet in F. Then 
:fince; die angles at. A and B ^re right, the figure 
f BAS will be ihfcribed in a. fcmjcircle whofe dia- 
meter 
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F^. meter is FS j therdbre the angle BFA =: BSA^ 
^ 80, AFS = ABS, FSB =if AB, and DFS = fupple- 
— 1> menKrf" BAS. . . — 

Let FB = X, BD = jr, then DS = R — ^, and 
fincc a^y AB are parallel, FB. (x) : FA : : B^ : 

/R 
Atf : : y/r : \/R : : » 5 V T" » therefore FA = « 

J^ and FA* :=: ^ Alfo in the right angled 

triangles FBS and FAS, FA* + rr = FS» = y* 
4. RR, and FA* = RK-^ rr + xx; therefore 

Rxx- • _____ 

— =RR — rr.4-**,andR**-irx;f = RR — ^ 
r 



RR — rr 



>C r, whence xx = ^ Xr=R + rxr=: 

fir + rr. Alfo *!* ;— tr .z:, Rr. . Ajid FA = 

Rr + rr X J— = v/RR + Rr. 

Again, by the fimilar triangles SAD, FBD} 

FB (*) : BD (y)x - SA (r) : AD = ?• Alfo, SA 

m 

mi. ^ %W ^ 

(r) : SP (R ~^) : ; FB {x) : FD ;= --^- And 

R^ — y9C ry 
FA =: FD + DA -: : ^ + -^ = 

' ^ "^ — ^ = A? h/t^ by what went be*- 

fpre. Therefofc R*^x -^ yxpc + rry =: r^-x ^-r 

sr yy v^''* And RAf;c «t- xx v/Rr z;z xxy. — rryt 
B^^s/Rr R — ^/Rr *^ r- 

R — ./Rr . , 

=: 1 ^^ ■ X R + r. Or multiply poth numo- 

rator ^d denominator by R + s/^r. then j^ = 

RR 
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RXR+VR^ ^ + v^^'^ ; 

RR -^ rr ; ' 

R + y^R^ R-.y/Rr -— ^ 

Hen0e.$P = R— J- =;R — r"" X R +r. 

jm -Ij R R — Ry- ■¥ RVRr + r^Rr ^-y 

— ->. .. .• • - R — 

R + rv/Rr>-nRr j sD : rad (i) : : SA'(r) : • 
R • 

R r %/R^ 

S.SDA = R+-,^R,_Rr - R + ^ -VR^ 

— cof. an^e ASB, , ,. - t> - ' 

. Cor. I . the fine of the an^k ASB ^/R^R^-rv/r 

"^Fo^in the triangle FBD, FB (x) . S.D - 

VR +r — y /Ry/ * . 

R — ^RrXR+rx/ s/R^ 



;7=-^-/: R -r r - VRr 



V<R ^ ^yxVR H- ^ . yrhich may be Otherwife 

R + r — v^R*" J J ' 

exprefled by multiplying both numerator and dc-^ 

nominator by V^^jH V^^ ' then S.F r: 

R — ryv^R + r 
jly/R + ry/R — Ry/ r + Ry/r + ry/r ^ ry^K 

^ Ry/R +ry/r- 
Cor.. 2. f j&* /<i«^««/ of the angle ASB = 

For 



«^ T.Ha »RtIM ARY 

Eig. Fqf In t|ift trj^flgl?. FBQx FB (y) ; -fyi.(ij i .% : ^D 

So, .. ">«i - j|"^I^^^^>t.g^^^ 

fy > : tan. BFD' or ASB =: ~ ;= ^ > i 4^->» 

This alfo may be reduced to another form fey mul- 
tiplying bo^ iHMnemcor and ^9^om\9awi b]» %/r 

+ rv/K, and then it becomes ^ > — rr: — tr-- 
Cot. |t the tangent of the a^k ABS, ^at the i^ 

F9r m-the triangle AFS, FA (\/5ITW) : 

rad (I.) 8 : SA ('r) : tap. AFS — .- ?L- — 3 

tan. APS. . • - 

" * ■ ■ * 

orhity is = .— .^ — 

V Rr Hr »-r • 

For in the triangle SBF; FB (V^r- + »*ic) : rad 
(I) : : BS (R). : -jg-^r-r :3 tan. a^gl^ BFS ef 

its %plemen.t BAS,, lyl^ch iiS greater t\^'9, right 
*"8'^--..- ' . . . . .' ■" 

Cpr. 5. TFhen.a^pidntstisJUuiqttary^ the tangent 
?/74^ ^^f/f tf/ /i^ 41^/4 h {t the tan. (^ tpe. anginff 
the planet ; as theperioai'c time of tb( ptanefy ^ the 
periodic time of thA eafth. 

•or tan. A : tan. B : : , j =: : ^ , a 

5 -j^ ? --^ : : R ^R : r \Ar: : Ra t r^ : l per. 
time of B : per. time of A. Cor. 
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Cor. 6. There is anaiber pcint G, as far beyond Fig; 
R ; where the planets ^ G, B, will appear Jtatianary 80. 
from one another. 

For the pbfitiofts of aH the lines remain thefamt 
at G and H; as at A and^B. 

Cor. 7* Let th: twa cmrves AR, GR.^^ eUipfes or 
cty otbir eufves as well, as drcks ; the planets A, B 
imving in them^ will appear ftationaryy when the tan* 
gents AF9 BF are, proportional to tie velodties at A 
and^. 

For if AF^ BF he as the vdocitie^ in A and B^ 
they will be as aK and bB^ and therefore ab AB 
*will be parallel ; and confequentfy the planets will ' 
appear ftationary to one another. 

* * - 

Cor. 8. Hence in circular orbits^ ahd nearly in el- 
liptical ones ; the place of the earth may be determineii^ 
from which ^ a planet y in a given point (f its orbit^ 
wHl appear ftationaryj. For there is no more to d(fj 
than to find the angle at thefun^ between the plane f 
and earthy which will determine the two points of the 
eartVs orbit ^ where it mufi be at the time of fiation. : 

PROP. XVI. Prob. 

fofind the time when any planet will afpear flor 
tionary. 

If the orbits of the planets were exad circles^ 
the tifne might be exadtly found. But as they ane 
all elliptical, there is no direct method to. find thp 
time. Yet ds their orbits do not differ a great dea^ 
from circles, one may approach near hand it, and 
the reft muft be done by trials. To proceed then, 

I. Having the mean diftances of the earth and 
planet, find the angle at the fun between 'the eanh 
and planet when the planet is ftationary by the la$ , 
Prop. 

2. For 
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F%4 2. For the time you enquire^ or any other fixt 
time, find the heliocentric places of the earth and 
planet, and cbnfequently the angle berwreen them, 
roade at. the fun, (by .Prop. XII. and XIV). If 
that angle be the fame with the angle of ftatioir 
found by the firft article ; then this will be the time 
required hcarly^. ^ But if not, then . . 

g. Find out the number of days, that the c^h 
and planet have to move in their orbits, till they 
make that angle ; which may be done tl^us. Let 
P be the periodic time of the planet, p that of the 
«arth, X n number of days required. Then P : 

. g6ox 
360° : : X : —5- > the arch run thro* by the pla- 
net. And^ : 360" : : X : ^ — , the arch run thro' 

p ■ ' ^^ 

by the earth. Then the difference of thefe arches 
or, angles muft be put equal, to the fum or differ- 
ence of the angles, found by art i arid 2, as the 
cafe requires ; then by re^udtion x is found, which 
reckoned forward from thp time you compute, 
gjives the time of flation nearly. 

4. But becaufe of the elliptic figures of the pla* 
netary orbits, Ais may not $Q(ppen to be the pre« 
cife day ; therefore by Prop, XIV, find the geo- 
tentrici longitude of .the planet for that day, and 
alfo for the next. If they happen to be the fattie^ 
then the planet is ftationary, in one of thele days. 
If not^ obfervfe whether' it ' is dire6t or retrograde. 
If it be direft, it is either, (hort of the firfl: ttation 
or paft the fecond. If it is retrograde ; it is either 
paft the firft or fhort of : the fccond ftation. Ac- 
cordingly you mxift take; 3, 4 or 5 days fobner or 
later^than this time, as the cafe requires, and com* 
pute anew the geocentric longitude of the planet 
for that time and the day after. * If thefe do ntJt 
ftill agree, you muft take a new time, and com* 
pute again, till at laft you find them to agree. 

5. When 
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5. When you arc within a day of the true time^ Fig« 
ttunpute theplanefs geocentric longitude for three 
Tuccel&ve days, and by having the progrefs or re- 
^refs of the planet for thefe times ; the method of 
interpolation will give the exad time of the fta« 
tton. 

To find the tit&e of Jupiter's ftation ne^t after 81; 
April I, 1768. 

JLet AG beche earth** qfWt, BC Jupiter's, SA 
sc ;oooo = r> SB a: 52010 =r R, /> s: 365 ^ 
days^ P = 4S5*i- Then, 

%/Rr ^ . 

'- R + r — v/Rr ^ '^^^^7 ^ ^^^' g^-^5 = 
wof^ DSG, the ande of fotion. 

2^ On the firft of April the earth's heliocentric 
loqg^ttudeis — — — . 6» 12* 16' 
Jupiter's heliocentric longitude — 6 17 36 
the difference is the angle ASB — ♦■ ^ 5 20 

So that Jupiter is paft the firft ftation, and is con- - 
fequentlvirtrQi^raaei buttioicothe to theoppofi* 
tion witn the iun» 

2601c ?6oM 

3. Here ^-— = .9856JC -: ASG, and *p--- i=i 

;o83i^ z: BSD; and .9856X -*• .0831^ or .9025^^ 
=z ASG — . BSD =: ASB + DSG = 5^2C/ + 54* 

«5^^ = 59" 45* = 59' 75' V*^refore 9c =: ^;2| •-; 

66.2 days , after jhe firft of April, which falls on 
the 6th or 7th of June, which is nearly the time of 
the fecond ftation, or that Where the planet Qeafes 
to be retrograde, and begins to be dired, its place 
being at D, and the earth's at G. 

4. But Jupiter's geocentric place on June 6th is . 
6* 13* 1' B"i and on June^th, 6" xf o' 45" ^ 
therCTore he is ftill retro^rftdC) and not come tp his 

/K fcconA 



i 
\ ' 



FiV. fecond ftatioA. Thei*ef8ife advance tl|ree days m6rc, 
8 1, wiiibh' brrngsit to J\i Ae dth ^'d lotft; tkeh Jupi- 
ter's geoCenttk place dompUted for tlrcfe tvo days 
is* 6* if d tl[' tot bdth'i .fo thai the ftatioa is t^- 
tweeh thefe tirties: Arid' 'computing alio for tfe 
8 th or elfe for the i ith » tKe diflfercnces will find 
the exa6k time by intefpofatidn. 

Scm6lium. 

It ihay hi dttcxvjod^^ tfiacif* A r* futti 6j^ dif- 
ference of the angles found by Art. i. and 2. thSt 
.902 5^ :=:^ A, is a general formub fo^ finding^ ^ 
time ; ferving in all cafes for Jupiter. ' 

They that caTciilate die geocentric jJaccs! of the 
planets for every day in the year, mhy ie6 at ohcc; 
by infpedxpn, when the ftatil^ns happen \ aifd vilie- 
ti^er thp planets are retrograde or dire£t u afay^timei 
Xhis is done in fome ephemefrides. 

PR b p. XVII. Prob, 

Havjifi§\ff^wn the ,tim ffijinif'one tm^tbf Msr^ 
<ury or Venus over the furis dijk -, toJkdMltke fmes 
wherein we may expeSl to fee the tr^uffit of the famt 
pianet^ wimit is in tb'ifame Hocki 

It is matter of oWervatiori, that tfic inferior pW 
nets lpnietime"s pafs over tlie fun*s diflc, and appear 
therein life bkck .fpbt%. This caii: ordy happen 
w hen thcfc planets are retrograde, and tjie earth an4 
thfe plaintst in or near the line of the nodes. Con-: 
itqU&Ttly if the planet enter iiko the fun's di(k, 
the fxin mtrfS he fq near tlie node, that the geoccn-. 
trie latitude of tKji ^larie^t .^xgeed ,not ttife' fun's ..ap- 
pareqt feirydiameter. For if it does, itf is evfdent, 
thri planet vA 11 not 'appear in his diflc. . 

• Since the line of the; nodes of dach pjanet i« 
tieart/ftiaiil' one -place: itlbnbws, fhat'tlie eaftli 

Will 
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vrilt be ih the line of the, Hodfrsj ajways in the fame Fig. 
pointed .its Qrbiti «fld fh^rtioh the tllanet being 
mrograde in the ^iUrtmgji^j and at the fame 
time the etoth 10 the lin^ of the nodesi will el- 
ways be abcXH: ihe fwMi'lim* of the year. And 
in the defeending node at /^Hoth^r pertain time' of. 
the ytar. : 

l*ow th^ time being ^ly^rt, .when the earth, fun? ^ 
and planet^ arb int this ppfition once ; it^ls reqiiiredt 
m. fmd %h(;n this wiU hapffttt a^id. . There£ve 
Itpt P rz periodic, tiipe of th^ eafth,^ ^ s the perio-*^ 
die time of .the planet. Then if we find two wjiofe! 
nuinbecsL « jirid y^. fuch that x revolutions of P naayr 
he ex^ly V 6f very marly, equal ttii jr resolutions^ of 
^:s dueiK five {>ltmct. and earth will come into the 
fame pofitibn in the line of the nodes as. befdre*. 

Therjefoife J?Ar '^0^ an4 -p = "^^^ Therefore (by 

Probi IXi. Ch. IV. B. II, Arithifietac; tfb flrtd t^d 
numbers,;^ ^i in the fame raitib as^ P aiid Pj an4 
thby wiH &ti6fy the demand. 

« * . - 

I. For Mermrji. 
Here P = 365^ 6^ 9*" =£ 365:256 j and j^ r: 87^ 

23^ 15" =: 87.915?. Then we fliall find w >= — 

- 4 - ?5 -^ 29 -• 5+ - 137 "" ?9l'*'''' ■ 
ratio apptx)aching nearer and nearer, x is the nambf^« 

»^ fydereal years . whierein this event may b^ expedl- 
ed ag^ih } at the end of i year it capinot happen, 
at the end of 6 years it rarely happens, but often 
at the eftd of 7^ Allp at the end of 13, 33, 4$* 
or any ^a4ditiQns wade by them, it will probably 
appear. 

Dr. HaHey^ in the ifland of St. Hdena^ obfer wd 
Mercury irt d>cfuB» Oft. zB, 1677, oldilite. To 

R a this 
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tig. this year add 13, 33, 46, of .their doubks, &c/ 
and that will give the -year, this event wiU proba- 
bly happen again, which will always be about the 
end of O&ob^r old ftile, or the beginning of No- 
vember new^ftite. The planet being then in its af- 
cending. node. Thus adding 9a or twice 46 to 167 7, 
you have 1 769 for the jrear, when Mercury will ap- 

, pear again in the (un, ul the month of November 
new ftile. But to know more nearly, the time of the* 
tranfit, thefe fydereal years Ihould be ' reduced t^ 
Julian years, by adding fo many times 9 fnmi!ite^ 
as is the number of years elapfed ; but without 
tfik it is exaft enough for our ufe« Hence in the 
year 1769, ^bout O^t. 28, old ftile, or Nov. 8, new 
ftile, we may e^peft this tranfit will happen j^^ 
at London. 

The number 92 is divifible by 4, but if it had 
ffot, you muft compare the odd years with the 
common and leap yeats, to find how* much the 
lime oyerrws or falls (hort, in thefe odd years. 

Again for the defcending node*, Hevdius ob-? 
ferved Mercury in the fun 1661, Apr. 23, old ftile; 
reduced to London, it happened Apr. 23* 4** 52", 
old ftile. '^By the nearncfs of the earth and Mer- 
cury In this node, it happens that Mercury and the 
fan eomc not in donjundioti, in eid^r 6 or 7 years % 
therefore to the year 1661, add Ciintinually 13, 33 
and 46 years, or their doubles, i&c. and yo\? will 
have aU the years wherein the tranfit is to be ex* 
pefted, when the planet is in its defcending node % 
which will always be towards the end of April old • 
ftile, or thfc beginning of May, by the new ftile. 
Thu« add 13 and 46, or 59 to 1661, and the fun> 
is 17^0 for the year when a tranfit will happen. 
Alfo to 1720 add twice 33 or 66^ and the lum is 
1786 for the year of another tranfit^ to be looked 
for Apr. 23*^ 5\. The laft biid year is a comhion 
year of 365 <iay§ Only. Therefore add 6 hours, 
' - ' and 
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and the time is Apr. 23* ii^ old ftilc, or May 5* Figi 
II** new ftile, lyS.S.t 

Dn Halky has calculated the times of the tranfit^ 
df Mercury as follows 5 for the old ftile. 




* • 



( •.» 



tt 



Here P Z5 3^-^54 wd.;^ ;= 2 U4»70«»v Whence 

^ = — , -2^. -2iJU &c. omitting fome finalt 
P 13 3^ ^^59 

{rations of no confcquence, Therefore if a^tfapfit 
appears at any time, it will probably^ aggear agaiq 
after 8 years/ or ci 3 5 years, or 7i3*yearsi or their 
compounds ; but not oftih after 8 years, their pe- 
riods not being near enough in that fmalL time. In . 
the year i^^i^y, Nov:. 24;'.^'*^ ^7*^ old ftile, /ftrr^?^ . 
bbferved Venvrs to tra;rifit the nan, being iii the zp- 
cending nod^. Add ,8 and 235, arid it is probable 
it will appear agai'n In. 1747, aiid 1874,* Awards 
the end of November, old ftile:, ' ^ , ' ' 

Again, for the dcfdending node, Dri'Halfcy 
cjomputcs'that Venus will appear in the fun in 1 761,^ 

R 3 a|K)uti 
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Fig. aihomM*? ?5f !?^ old Pp, or Jimp s* 18% npw 
ftlle. Therefore flie may be c:jfpe^ed (Do be fccA 
^aw. in.*e fuo» in J769, jMae.5* l8^ 4nd in 
1796, Junq 7*^ jB\. ^9d.in 24Sa, JUlje jc^'^ c^ £^c> 
Dr. Halley has calculated the txanfits ox Venus 
^s follbii^) for the old !(lUe. 



'V 



?4 6 87 



Ypars \ 



Years 

> 21^9 . 
. 2M7 



^9 



I 56 

»f 'a 






t*rr! 



1996 ,28 
2004 1 25 



17 55 

UP 

2 13 

19 i<8| 



,J[t may h^ppep th^t 'CSur compytations niay miia 
the ^trtre^ time, fc vera! Hfiurs, or eyfip a day pi; tsip^ 
or perhaps the tranfit m^ nq^ h^f^en at il\;, oq^ 
cafioned by the period^ -^^^y, not b eing c x a ft . For 
if the error that happeps to tfe iri One j^f^tjiem, be. 
often multiplied, it w||l''amount to acohfiderable 
difference in the end.*'- -Biit thd6 errors may be 
reftified, by finding the heliocentric place 01 the 
planet at the time d^p'^dted, and comparing it with 
the plite-of the earth, it that tfiifc, -as 4n the nlxt 
ProB. - . . ., . - , 

• » 




^_ ,_ ^^_,_, __ .,..^ gl^pts helipcemrK lpn©ti^ 
If tlie^ a^rce^ tliey are. t^en jn.cpjjjuqftjDn ; hij^ 
pot, the time of tlxcir ponjuhdlipn miift be fom . 
thw. T Evt P> jft for th^ periodical times of the 
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€grth .ao4 plaiiPt i tjiiea ^, r:*^^ = dogr. which -^"^ 

T,ltt^ /^y 1^ D° 1 1*^7 ? : ^iffe^encc . l?efi^?pEp the 
carthfs and planet's' heliocentric placea in^d^Feps : 
to tke time iadays, tp, chpiCongunSiorii or paft it.;, 
according as. xh^ earth or manet is foremofC But: 
if that time (foes net-ftiM iiit the time o£ coniimc* 
tion, the faniEi joperatiort muft be repeated ' till it . 
4qcs,j pf ,^l(e the e;c^ tknp^ wUl bc-ipund :by the 
riile of FaJiQ, ^or. ,tjie method pf trial and qrrpr. 
Whei^ you Tiaye found the heitocentiic ptaces of* 
the e^th and planet to^agrecj you^haye their pla- 
ces^ Ixjmg ihen ia conjunftibh:; and at the fame 
time jou have jhe place of ijic node^ and the dif- 
tance ^etweea them ; aod-^by-^oi^f cl^fculddibn you. 
have the "daily pr horary mtotipns of both the fufi. 
aiiii plaii^ y and Havkg ihe- inclination pf^ the or- 
bit, whic4i is the planetV paA* u{M>n 'a fixt plane ; 
from Aefe data, :the padi\of me planet- on the 
moveable plane of the tun's diJk -win Ufe found, its^ 
iliftanoe from the fun's center, when neareft ; and. 
ife tita^*^ tiie 4>eginmng and ending of the^ tranfit. 



\ .• 1 .\f» 



Td. finA- thfe time of the tranfil of Venus m 
1 7 69, ey ; iAih latt Prop . the time Will be aboti t 
urie y i«^ ^liea, by Frop^ XII. ind.XlV* on; 
une 5^*1**,. 

® place is* ~. ' 8* 15^ 4Q^ 2V'' 
5>|)lace — — S .17 8 8 ' ' 

Here ^ it 2Z4^.tf6, a^iid^^r-- r:^' 1.6021-4, andt 




|j = .38561^, v/hei^ce p =..i.^Vi;^:.^:f I 
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^«* 5= .61653^ Thcn^^ = a.371' = a- 8' 54- 

14% the timepaft the conjun&ion ; therefore the 
conjundion was about June 3' 9*^ 5" 46% Again, 
for June 3* ^^ 5" 46% 

e place is -^ 8' 13* 24' ^3^ 
9 place -* -^ 8 13 22 33 

9 (hort of the conjunftioa i 40 =; .otjS\ 



Thcu'by thefe two crrots the trvic time will be 
found June 3^ lo** 9"'22*. At that time, 

© place is — .^ 8* 13** 26^ 46^^ 

9 place — -^ •— 8 13 26 '45 
place of the defcend. nod? — 8 14 33 46 

And Venvis ihort pf the node — ""^ i 7" o* 



■«■ 
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The tim^ from June 3* 9** s"^ 46% tp tile con- 
junction, is J*" 3" 41* =; 63,68" J and the fpace 
gone thro* in that time by Venus, is 4^ i^t'' ^ 4^2, 
#2Mid by the earth 2' 32'' =^^ ^-SSS- 

Let S be the fun, ETQ the earth's orbiCi an a 
portion of the prbit of Venus, VJC its prcge^ion 
on the ^lanc of the ecliptic, N the node. Let the 
earth be at £, Venus at^ in conjun£^ion with the 
fun at S-, then AS, nY are T>erpendicuiar to^the 
plane of the ecliptic. Thro* S draw a, plane perp^ 
^o SE, cutting the plane of the ecliptic in the line 
SN i then the earth being at E, a fpe^ator will fc^ 
Venus at a^ in the plane ASN at; A, where AS is 
perp. to SN. Now the way of a body or planet 
upon a fixt plane, placed at a diftance froni tha,t 
body ) feen from a moveable point, is different from 
the path feen from a fixt point. Let the earth 
move from E to T, whilft Venus, moves fipm V, 
er a ton ^ draw Sn and SIT. Now if the earth hjid 
^aid at £, Venus at n woyld appear at N» an4 
VowW fcem to defcribc the ;pajh pr way AN. But 
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die earth being really at T •, Venus at » will ap-,F'^* 
pear at D, in die line TuD. And therefore Ihe' 8.2* 
will feem to have defcnbed the path AD> to a. ' 
:^>ed:ator moving along with the earth. 

'1'6 find the time of Venus moving thro' V», and 
the arch ET or VI moved through by die cartK 
in the meaii time. The diflance ^bm the node is' 
1** y' t=z 6j* i therefore fay^ as 4.2 (fpace) : 63,68", 
(time) : : 67^ : 1016" the time of Venus palling 
to the node. Alfo as 63,68"* (dme) : 2^.533 (the 
iearth's motion) : : 10 16" (time) : 40^.4, • the carth^s 
motion in that time = arch £T or VI. Alfo at; 
V the heliocentric latitude of Venus is 3' gi" zz 
3'.966 north = angle aSV. Hence we have aV zz 
3^966, Vn = 67', VI = 4£/.4, and In = 26'.6; 
but thefe ikft the heliocentric motions ; and to re- 
duce them to the geocentric niodons, as they ap- 
pear in the figure ASDN ; we nnift find the dif- 
tance of Vehus from the earth EVy and from the 
fun; at die time of the conjunction. 

Log, dift. of 9 is 4.861095, and thedift. = 7.2626. 5 
JLiOg. difc of® is5,oo6566, and the dift. = loi 52:3. 

. the difference 2 8 8 96. 5 

this is the diftance of Venus from the earth, or EV 
S= 28896, and SV — 72626 5 therefore EV : SV : : 
38806 : 72626 : : i : 2.513 5 then we fliall havp,. 
' EV (0 : VS (2.513) : : aV or <: aSV ($'.966) : 
<Z ^EV :r 9^.968 the geocentric latitude AS. 
' AHp fince SN fubtends the angle SEN or VE», . 
and Sb fubtends the angle STD or ITn •, therefore 
* EV (j) : SV (2.513) : : YSn orYn (67') : < 
VE»orSN =i68'.4; and 

EV (I) : SV (2.513) : : IS« or In (1&.6) i IT« 
or SD =: 66^.84; and DN = ioi'.6. Then in the 
right angled triangle ASD, we have the fides SD, 
3 A given \ to find the angle ADS zz 8^ 29', the 

an^gjlc 
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Fijj^ngle of the planet*^ apps^eat w^y with tj^ jCcI^. 

tic 5 and the hypodieni^ ^ = $7^57. 
83; In the ,triangle ASP^ ^^w $P jpero. tp PA k 

then by fimirar triangles, DA{6yf.5j) : §^ (/^i^Sj 

i : DS ^'.84) : $P =^ yM : : SA (^^96^^ TXP 
s: I^47 4 and SP is the jpl^et's pcarfpft aj^os^ 
to the ifunV center. Then AD : AP : :'ioi^(tUr^c 
pf defcrihing AP) izi.i/^'— 2?" ?% this added 
to June s"* IQ^ jj"" 27* the tim^ of the Iconjuiiftfon, 
gives Jiine 3^ lo** 3i'*35' fgr the mi4dle eftl^e 
trapfit. 

The fuft's^^ppartnt femidianictcy, 8t the ttmc of 
Ae jconjiinaipn is 1 5' 56''^. Therefqre if FCxKJ bp 
die iim's difk, FAG the way of Venus thereon j 
dra^ SF^ SO.' Then in the lugbt aiigled triangle 
$PG J 4ere ate ciyen SG {i$'.H\^ 3P (9^% 
tofindJ^GorPf;;;: iji^26, 

JLafflv AD (6/.i7) : IV^^i^^'-^^;: :'i9J^-{0a}c; 
in AD) : tiine in AG,orh?If ttjedurj^tion = J85".55 
= 3** 5" 51*5 thcrefprc the b^qgiwing pf the tran^ 
fit is June 2,^ 7^ 25° 44* ; and me end is at i*" 37"^ 
:^6' jDext niorning ; and the^^cde.ducntioni 6^ li"^ 
42*. Thefe things will be ib if Dr. ^alfc/s tables, 
are true. And therefore in England we may fee^ 
tie beginning of the tranfxt, but neither tbe niidr 
dle npr the.aad of it, 

SCHOtlUM. 

1 - 

^ j(n^y tbe obferyed that .61653 is a coi^ft^nt: 
nuniber :far Venus in either node ; and in all traQik$; 
K^ Venvs in the defeendipg nodc^ ,?bc fun's appa.-^ 
reiiit icmidianfietqr will be conftantly 15' s^^'^ i^?^ 
apparent way of Venus with the ^iptic, 8 29 ^ 
the diftance of Venus from the fun and froiOi die 
earth, 72626, and .28%6. But in ,the aCfe^iding^ 
node, diey will be differentj 

PROP, 
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Fig* 
PRpP, XIX, f^pk, - 

9V /^ /^^ ttmi 'of M liHieUifie mjinmon of 
ifTf t^i flmets. 

Let ^,^ J be iSxh peiiokSc times 6f die two planets, 

pq 

p being the grcatet;;. Tb«t T^J^ will be the mean 

time between one cdnfundiitft an4 another, ^eo 
feen from the few. 




For p : 36Q : li : f^* the degrees g»ne ifcrtf 

in |i d^' 'by the flower |)ianet. And g- : 3 $0 : • i : 

Mitt pianist. Therefore ^ ^^ ^ = the ^i 
gRe€!»* g^^ped In a day, bjr tl^. fwifter^ Whcftci? 
fe~^ M' =r' .3^^ :'jittie of gaming the M^hol^ 

Then 41 (f^ tfme-p^ one. Ivsliooentric conjunftio^ 
be Kiio^9, tl}e mean lOi^e of the next will be knowti^ 
4nd t^e Aieao Uipe^ of all focceeding ones. ThsfCr 
fore (by Prc^. 14) calculajte their heliocentric pla- 
ces to uiat time, ^nd note the error ^ jand it wiU 
e^f)ly ai>pe?r .wt^edier the true time is pall or to 
Cfxi^e, py cgnfidjering whether the fwifter or Uower 
p)^et 4s Jforemoft. Then afllime a new time ac- 
cordingly, and plculate their places again, afi^d 
* note the error. Laftly^ . from thefe Djro erffirs jdie 
true time will be found by the comi^i.on medi^ds. 
i\nd this time may be proved by a ppw calculi tibiji 

pf their helipcenjVic pla? ?s* 

Cor. 
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Fig. Cor. Hence the mean time ielfveen one beltoceniric 
eonjunSion aridiahotb&j will bi for Saturn and Jupiter^ 
Hioift 20 years J 3atiim and Mars 2^ years^ fw Jnfitet 
and Mars i\ years. And for anyjupertorwitb an inferi* 
cr planet y fometbing more tban t be periodic time of thai 
i^^oT' And It^fy^for Venus Mnd' Mercury about jivj^ 
montbs.' 

SciroLiuM; ^ 

^. The geoceatfic conjun6tk>ns of the planets, caa 

be had no otherwife than by repeated trials, by rea- 

fon they do not revolve regularlv about the earth, 

as they do about the fitn« As tne two higheft pla-, 

nets con}e neareft to ^ regular motion round the 

earth, their geocentric conjunctions will differ but 

little ^m their heliocentric conjun&ions ; and. will 

happen a little fooner or a little later, according as 

the earth is on one fide or the other of its orbit. 

Therefore fmce there was a conjundion of Saturn 

land Jupiter, March 14, 1762, there wiS be na 

more till the year 1782. The geocentric conjunc-r 

tion of Mars with either Saturn or Jupiter, may 

happen a good while before or after the heliocentric 

codjun&ion, becaufe the orbit of Mars is near the 

earth's orbit ^ and that difference of time will de- 

piend upon the place of the earth in its prbit^ The 

time of conjunftion of any inferior with a fuperior 

planet, is more uncertain ftill. And it may hap- 

j7en, that two conjunftions may be within, a Ijttte 

time of one another, and that is, if the Sun be not 

far from a cohjunftion with the two planets. And 

in general the interval of time between the geocen- ^ 

trie conjunftions of an inferior with a fuperior pla- ' 

net, will be a year and fomething more ; for the 

earth has to make a revolution, and fomething 

more before the inferior can come again between it 

and the fuperior ; and efpecially in Mars, where 

the time will be prolonged, by rieafon of his fwif. 

ter motion. Venus is fomctimes in conjunftion 

withfe 
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with Rfcrqury, wh^n fee is mrogradc ; but ycry Fig, 
feldom. And when; ihe is dire^, there is but ah 
bout 4 of her orbit, wherein (he can be in conjunq- ' 
lion with Mercury •, and when fhe is there, Ihe will 
be in conjun6tion ivith him generally once, ahd 
ibmctinics twice. So thatt in about cLo nuxiths (the 
time of Venus revolving to the Sua) Ihe will, be 
once or twice and fometimes thrice in conjundioti . 
yNiih Mercury ; all which are irregular, and the 
times uncertain without particular calculations. , \ 

^ PH O P. XX. 

JTfe times^ in tvbicb different comets move tbrii^ Ji^ 
mHar parts of their orbits^ are as tbefiuare roots 4>f 

the cubes. of their perihelion diftances. 

< ' ♦ ■. " ' - .-• 

Let PN, P», be the parabolic orbits of two 06^92. 
mets; S, J, the foci; P, f, the perihelion ; N, ft^ 93. 
the places of the comets. Then. (Prop. IL para- 
bola) 4SP and 4sp are the parameters of the orbits« 
And fince PN, /», are by: fuppofition, fimilar parts^ 
of the orbits ; the areas SPN and spn^ will be as 
SP* and sp\ Let T and / be the times of defcri- 
bing PNS,' and p)js ; alfo let pbs be defcribed in 
the time T. Then (by Cor. 2. Prop. 16. centri- 
petal forces), area PNS : area pbs : : V/4PS : 
\/4ps : : x/PS : \/ps. And (by Prop. 11. ib.)>- 
ztezpbs: zrcB, pns : : T : /. Therefore area PNS : 
SLVC^pns : : Ty/PS : t\/pS'^ that is, PS* : ps^ : : 
Tv/PS : t^pti whence PS» x ty/ps jn ps* >jC 

Tv^S, and PS^ x / =ps' X T, and T : / : : 
FS^ipsi. 

Cor. I . Two comets will have the fame true anoma- 
ly in moving from the perihelion^ in times^ which are 
in the fefquiplicate ratio of their perihelion diftances. 
And their diftances from the fun will be as the peri^ 
hcBon dijiances. 

For 
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Fig. For PNS and pHi bebig £Nnilsir figures, ihe ai»i 
92. gles PSN and psn arfc equ^i ^ifd SN io /i^ » SP 
tJ^sp. 

Cor. 2^Ifn c^m^s,ptfib(ffcn ^ftmce hi equd tp 
the man difiance pf the fm tmd earth % it will J^ 
mke a qnadraMt pf its orbit POS 19 ^og.dqfs^ 14 
ho$ttS9 46Mmte:ty iz/it^., 

Fctf let SP (p) :;: mean diftaftce of the earth s= 
I, the time of defer ibiing the ^rea POS = x, aoci 
=: area the earth defcribes in that time, / = pe- 
riodical time of the earth ; thep f by Cor. 3. Prop. 
Xiy. centrip. forces) a^2 zz area POS := ^ j and 
^.1416 =z area of the earthV o^bit; dierefore / :• 
X : : 3.X416 : a ; arid ta £= ^.t^tSij vfbence x = 

1:^76 = i7^^ Fib = >°9.6i5 days. 

Cor. 3. JJj^ ^ 1^ thptrihiUpn iSftaiue ofrat^ co* 
met ; /ib^ tim of its moving from the pMhiOon tM 
90 degrees of its orHtj is lo^.Sig^^p days. . 

For I : X09.6 : : p^/p : 109.6 x ps/p cbysi 

PROP. XXL 

92. Having given either the comers true anomatjif or 
its dtftance from the fun ; to find the other*:, ana the 
time it is there \ andMfo the area^ or mean, dnpmaly 
proportional thereto. 

The comet's orbit, and the time of this perihe- 
lion are fuppofed to be known. Let PNOi>c the 
orbic, S the furi, P the perihelion, N the plaCe of 
the comet. Put the perihelion diftance SP r: pi 
comet's diftance SN =2 ^, cof. true anpmaly PSN 
= 2f, and V ;=: veff. fupplement thereof; aflb / = 
109.615 days, the time of a comet's defcribing i 
quadrant, whofe^ perihelion diftance is i, eqwal t6 

the 
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tAc iTi<»afi drffiance 6f^iM6 cWi- D =: tioiit ifo«i J^ 
the perihelion. g^i 

Thca (by Cot. r. EroU XXH. Scar: IV.) sr.zz 

. ■ * ■ ^ - ^ 

—, ->^ r, whence ^gti::: 2p -^jjp,^ «4 fg' rl* .? — ^^i 
b^trij 




Alfo (by tor. 2. ib,) the area PSN = ". 

y/^py --- jfi?» *^^ ^he quadrantal area PSO rr 4^^* 
Then (by Cor. 3. Projr. XK.) Vap^ ±t time of Jthse 
coniet*§ defcribipg PSO or 4/>/> -, aad area PSO 

iWO : f\/f^ : : ar<aliPSN- 1-^-*— ^ Xii^/ty--^ j)p) 

r D ; tfiefefore v^- "^^ ^^ sfyZZp ±rD; th6 hum; 

4 
tyei^ of ddy) from the peiihdioiT. 

Therefore if 2 or vb^ given ^ is -known, and 

the x:wrfraryi by the equation ^by rr tp. And j> 

being known, D is known, by the equation 



i«--*- 



^ -^ v<y — p rr D, and the area PSN alfix^ 
4 

Example. 

In the comet of 1748^ whofe perihelion diftance 
IS ,84967,. and time, lof' the perihelion Apr, 17^ 
19^ 26"^ ; let the true an'omaly be 40 d^^es. To , 
find the diftance, and time it will be there. 

Here z r: .7JS604, and ^ or i +z = 1.76664, 

. 2p 1.68194 
whence.;. = - = t— ^ = .95204, and ip + 

y .=: 2.633^38, and jy — p =: .ittg/;; whence 
2/' + J X / ,- — 2-;6ggggX 10^.^15 , 

ZE 24.0S3 days z: 24'' i*" S^'^Ti which is beft found 

by 
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Fig. bj logarithms. So the dine will be May tx' 2t^ 

92. is^T. 

Con I. If cbe the tqfine af ba^ tht true amma^ 

P 

Ifi then the cmefs iiftanct^ jr z= 7*» ndOuMlg; i« 

. For by the principles of trigpnomctq^ v = z^c. . 

Cor. 2. Havif^ the timejrom theperiheU$n pMfT) 
ibe difianeey and true anmafy^ may he fouHd% by re- 

dudng the equation r — y/y^^m^f zz Dj which 

vAU be an 0^1^94 ^^^ equation^ 




Cor. 3. Hence a table may eafily be made^ ferfind- 
if^ the time when a cvmet totUbe An My given place 
cj its orbit loron the contrary^ to find in what point 
of its orbit it is, at ojry time given i and is done as 
follows. 

Since a comet, at the dxftance of the Sun, def- 
cribds a quadranul area, in 109.615 days ; there* 
fore if that area be divkled into any number ^fev 
qual parts, as fuppofe 100 ; one of thefe parts will 
be .912286, which is the part of the area which 
the comet daily defcribes, or rather divide the qua« 
drantal area into 109.615 parts, that is, as many 
as there are days -, and the comet will defcribe one 
part every day, and any number of parts in the 
fame number of days ; and therefore thefe parts or 
days will ftand for the mcin motion, fimihr to de- 
grees. 

Therefore take the angle PSN fucceffi^ly equal 
to I, 2, 3, 4, 5, &c. degrees, as far as conveni; 
ent, for the true anomaly. Then j^ is had, the cor- 
refpoqdent diftance ; which diftaaces are to be: let 
againft ttie true anomalies in the table. Then/ be- 
ing had, D will be had or the number of days 
from the aphelion ; and thefe days are alfo to be 

fct 
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fet a^ainft the true anomalies in the table. The Fig. 
tilde peiiig tlius conftru6bed, will fhew the tinie» 92. 
and the comet's diftance from the perihelion^ for. 
any given true anotAaly ; if it is even degrees 5 if 
not, by taking; a proportional part. Anc|on the, 
contrary, havmg the time given, one may, by the 
fame table, find the diftance^ and the true anoma-' 
ly correfponding thereto, in their feveral columns, 
by taking^ a proportional part, when neccflary/ 
And that with the iame eaie, as finding the number 
fi;om a given logarithm, by the 'common tables. . ^ 

But ir any one had rather have a table ^where^ . 
the time orj>l'6portional j^rts of th^ area, increafe 
uniformly.; the former 1^. eafily transformed irito 
foch a oncf, by placing the rime, or parts of the a-r 
rea, which, repfefeht uit <n^ motion, in the firfi: 
column, increafing by i,! a, 3, 4, &c; and find- 
ing the correfoondent Angles FSN, and diftance$ * 
^, from the ttid table by (taking proportional parts* 
And putting ;thcfe fcyeral ^ngws ahd diftknces in 
the fecond and' their coluihn3) tho' the diftances 
are not fo materral, being eafilyfbund fironvthe tfue 
anomaly. And thus a t^ble will be conftruded 
eitfier than by coritinually extrafting the root of an 
adbfefted cubic equation, with three terms, for e- 
vcry number,, to- conftruft it by. Such a table is 
the foUowiiig <>ne, : by the heljp of which, the place 
of any other comet may be found for any time^. 
For^ it ^ be thi perihelion diftance of any comet, 
then if you take y/p^ to x (or y/i') ; as the time 
^ven, is to. a fourth quantity 5 it is plain (by 
Iprop. XX. Gor. !♦) this quantity i^ the time, it> 
which the comecp has the fame true anomaly, afi 
the comet i has in the given time. Therefore, 
looking for that time fo foiihd, in the table •, you 
will have the true anomaly of the cornet^. And, 
the diftance againft it being multiplied by the pe* 
^ rihelioii diftance, gives the true diftance. 

S In 
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Fig. Irt the following table," the firft column is Aiy%9 
^2. and reprcfents the mean motion ; the fecond is the 
tru^ anomaly, • or iinglp. from the perihelion reck- 
oned in fhe, comet*s orbit ; the third is the loga- 
rithms . of the diftaticesji inftead* of the diftances 
themfelves. 



vdf gemral Table for calculating the mtftion, of Coniets ifi 
^ . . parabriical Urbits* . 



^*/* tbcperihcl. 



I 

3 
4 
5 



6 

1 
8 

9 



II 

H 
«5 



x6 

20 



21 

22 

?4 

2? 



^6 

27 






Ol 



Diftancc. 



I 

4 
5 



4-7 12i0.C0O257 



10 

34 



40 
o 



0.000577 33 



0.00 toi6 
S« $7 8o.ooi6cs 



f 
11. 

12 

'3 



20 

4 
26 

48 



2 0.002298 

38 



54 

M 



16 

*7 

>9 

20 



9 
29 

49 

9 

27 



43 

39 
1 

.47 



0ays. 



Angle f>6n)' 
the |)«rih|iL' 



3H 

3^ 



0.004060 
0.005 ' 26 



O.OI5809 
a. or 7766 
0.01979^ 
0.021897 
0.024073 

a8 5 45 0:02^373 

29 19 250.028751 

30 32 16 

31 44 M 



21 

23 

^4 

2 

2 
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PROP. XXIL Pra. ^^' 

To ^nd the plate tf a Fernet in its triift at a given 

tim' 

• •• ■ * 

< * 

I.. Find the fun's place and cHftance for the 
time given, by Prop. XH. * 

2. Find the difference between t|^ time of the- 
perihelion, and the time given ;, and reduce it to. 
days and decimal parts of a day. . Find its loga-* ^ 
rithm, from whicJi fubtraft i the log. of the peri- 
hdion diftance ; find the number, of the remain*^ 
ing. logarithm, and that is the mean motion of the . 
comet. 

3. Seek the mean motion m the firft; column- 
under the title of days } againtTwhich, in the fe- 
cond column, you have the comet's true anomaly,^ 
or angle from the perihelion ; and in the 3d co- 
lumn the log. oiF tnc diftance. ^ 

4/ To this log. diftance, add. the log, periheli-, 
oit diftance of the comet ; and the funv. is the log;^ 
of the comet's true diftance from the fun. 

5. Find the angular diftance of the perihelion , 
from the. node (by'^coluinn % and 4^ of; the table 

• of comejs); and having before, the, angular dit. 
- tance of the comet from the perihelion •, by adding. 

or fubtrafting, as the cafe requires, you'll. find the. 

angular diftance of the comet from the node, or 

the argument of latitude. A Iketch of a figure* 

will be ufeful h,cre. 

6. Tllen having the. argument of latitude, and 
inclination of the orbit ; the comet's place reduced 
to the ecliptic, the heliocentric latitude, and log.- 
curtate diftance from the fun^ ^ill be found by the 
common rules of trigohometry"^ And thence the^ 
comet's heliocentric longitude. 

7. Thefe things, beipg hadi by, the. vpry:faips^ 
rules that the geocentric place of a planet is found, 
the geocentric place of the comet will be found. . 

- S 2 Ex< 






26t T H E P R I ivt A R t 

94* L« ts take for art cxartif)te, the glaridus co- 
met of 1 744. And let it be required to find iti * 
place January 5, at 9 o'clock at nighc. 

Sun's long, at that time 297^ 21' f* 
and the log. diitancc ' ^1.992935 

difference of times 44** 23 /^ 

that is -^^ 4496 1 

Log. 44.961 -^ 1.652836 

l-X — 1.3473^5 fvbtn ^ 1.020987 

log. mean motion 2,631849 

mean motion -— 428.40 

true anomaly — 129° 9' 58^^ iz GP. 

Jog. diftance -^ 0.734671 

log. perihel. diftance — 1.347325 

log. comet's diftance 0.081996 5= SC. 

atig. diftance of the i : ., ^ . ._ 

perihelion and node V -'^i 25 49 =archNCp 
anom. fubtraft •^ .129 9 §» fe CP 

argument of Uthude i2 13 51 ir NC 
reduced to the ecliptic 1533 4 = N0 
com. heliocent.' lat, 165 13 — CD 

Ipn, of the alcend. node 45 46 ii 

add the redufticn ^5 33 4 

com^ heliocen, longit. 6? i^ 15 

the earth's longitude 117 2 1 ^ 

* 95» angle of commutation ""56 1 gi ~ ESG 
bg. curtate dift. of the J ^ ^ „ " ^ 
comet from the fun ^ 0.Q64648 =: SG 

the angle of elongation) 

add to the fun's longit. f 7^ 47 7 =;:: SEC 

the comet's geoc. long. 8 8 14 
>hd com. jgeocent lat. 18 10 41 ff. 



h^% 
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Xet NCP« be the comet's orbit, S the fun, N» Fig; 
the fedlionof/its phiieiwththe plaije of the eclip- ^^* 
tic, N.the afceiwing node, P the perihelion,, C 
the comet's place, mbvirig towards P; let CD be* 
perpeiidifclilar to N/r. \ 

Then the wgle PSC (129 9 5,8) is the anomaly v 
SC the diftance, angle NSf^ the^ diftance of the pe- 
rihelioji and iiode (151 23 49); the angle NSC or. 
arch KC (22 13 5,1) the argument of larit\ide, be- 
iji^What tte comet is paft the nicxte, in its orbix ; 
NX) (i$ 53 4) its reduftion to the ecliptic"; CD 
(i 6515 J' the heliocentric latitude. Then fince the 
Ct>ttiet is gone paft the node,' and direfl:;' the arch 
,aD mttft'fed tdded to thq longitude of the node N v 
^nd then tlie helipcentric longitude- of- the comet at 
]^*wiU be ^y ^9^5^ The difiecence between the 
heliocentric longitudes of the earth and comet, 09 
the angle of commutacion, is 56 i 52. 

Then ia the triangle SEC {made by ifte fuiijgj;^. 
earth, and.qomet 5) two fides,^ ES, SC are givc»i and 
the ihcluded ah'gle ESC •, €6 .find the angfeof elon- 

gatioh SECT 70 47 y j^ and the compt ^t.C, being 
efbre the liiaat S,. to a fpeftator at E^- the angle 
ofirfcnigatid*- niujflbe^a^ to the fiSn's place (29^- 
21 7,) and che fum;(3.6? 8 14, or 8 8 14) is the. 
twnet's a c occntrjjc longitude. And the geocentric 
latitude IS. found by Prop. Xlti. to;b^ iS 1041 
north -, which are very near what I fouTid them to 
be^ by my owti ohferyations ; by taking the dis- 
tance of the comet' from fev^ral fixt* ftars, at thatc: 
yery time. ' ' 



fi^BtOfix 
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•^' PROP. XXIIL frob. 

The periodic time^ and perihlign ^fiance of a co^ ; 
met being given ; io^nd the time when the comet will 
be in any given point of its elliptical orbit. , ^ 

96. . This is to be done by the very fame rule, that wai 
laid down for the planets. . Let the femttnuifVcrfe 
CP rr ^» femicpnjugate CB =z c, perihelion diftance 
SP = p^ excentricity CS = », comet's diftance 
SN zzy^ cpfine of the anomaly PSN r: Zy peiio£c 
time = ty and d zz number of degrees in (he arch 

whofe cofine is tiZl. Then by Pix^ L jr r= 

• • » n . . - 

—if — , and the time erf defcritnng PN is =: -^ 
/ \/ — cc + lay — yy- 

2tf X 3.I416 

But by the nature of the cllipfis, %ap -^pp zz 
iff, and » + p =: J, and a is known from the pe- 
riodic time by Prop. VII 5 therefore 

2a j^aa 



i»"«^B 



~ 2a 4^ 2^ 2a ■* 

d — p 

where A =: --- — Hence> the time of defcrib- 

2a 

mg rjM IS _ 360 3.1416 ^ ^ 24 aa ^• 

Cor. Hetfce a table may be made for any given co^ 
met^ to find its place in its orbit at any time ;, inUke 
manner as was done for the planet* s. 

For if the anomaly be taken fucceffively i, 2, 
3, 4, &c. degrees, z will \^ known for each of 

them, 
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them, and confcqucAtly jj? ; and thence the corre- F^« * 
fj>onding time in moving from the perihelion^ AU . 
which being put into a table, it will be ready for 
ufe. And this uble need be continued no further 
than till thci diftance^ ^ fo great, that the comet 
b^Omes invifiWe* Then by this tab^e the comet's 
place miy be found at any given time •, by finding^ 
tbfc time from the perihelion in the table, and 
taking the anomaly and diftance correfponding 
ther/$to i pfiiig prQp<)rtjohal parts when ncceffary* . 

! . . PRO P. XXIV.' Proi, 

« 

' X^ find the quaniity of mailer in any body that has 
.Mother revolving about it. 

The quantity of matter in any cehtrll body, is 
^ the cube . of the difkance of the revolving bo^ 
dy difeftly 5 and the fquareof the periodical time 
inverily (by Prop, VII. centripetal torces). 

Let S be the .Sun, E the eatrth. Pa i^anet, T or 97- 

Q a fateHite, and let radius PT =r, periodical 

time of T or Q = p. Then the quantity of matter 

r' PT' 

in the body P is as — -• or . 

' ' . p* pp 

Now p or the periodic time is known for all the 

planets and fatellites ;. and to find PT, let ST, EQ 

be tangents to the orbit at T and Qj then PT is 

as SP X angle PST ; or PQ^ as PE x angle PEQ : 

becaufe thefe angles are very fmall. Therefore 

.SP X angle PST = PE X PEQi Now the great- 

^ eft elongatioa, or the angle PEtj^is found by ob- 

^fervation; and at the fame time the heliocentric 

placps of the planet P, and the earth E are known, 

by the theory! of the planets. Therefore in the 

triangle ESP, two fides ES, ^P, and the indudcd 

angle. ESP arej given to find EP. And EP being 

' , known. 
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F^^TciwiriH as aifa P9, the angk PST will be known; 
07, aHd from htnoe QT or TP, And therefore the 

quantity -i— ,>Ul. brf known, which is proporti- 

tf ^ • / 

OB^I to the <[uincity of matter in P. 

Therefore it will be to rfed : PE x : S.QEP : PQ 
c»PF. 

Or dfe PS : PE : : angle PEQ^: ADgle PSf the 
heliottntftc elongation ; and the* as lud : PS : : 
S.PST : PT; Thus the ^iftaiv:^ tof Vtous fif<mi 
the Sun is known to be 723.4. And PT for Ju- 
piter's 4th fetelike, is fo^d td be 11.508 ; for Sa- 
turn's 4th fatQllite 8.^084; ior the Moon 3.0545*. 
And p or the periodic tinie for Venus, is 224^.7 ;. 
for Jupiter's 4th fatellit^i' 16.687^ ; for Saturn's. 

4th fatellite, 15.944; and for the Moon, 27.322. 

pY"^ 
Tbevofbre -^—^ iot the Sun, Jimiter, Satum, and 

the Earth, cotoes out 7497,84 7.0255 j j2-4^|; 
> ; and .03817. Tnereforc the quantities (A matter 
in the Sun, Jupiteri^ Saturn, ^d the Eaith, are a^ 
196420, 1S+.05 5 63^48 ; j^nd I, ie^Aively. This- 
is fuppofing the fun's parallax tq be loi feconds, 
and confequentlv the angle, ^e radi^^ erf the 
niooo's orbit, fubtc/ids at the fun, \qI 30''. If the^ 
Juii's parallax be more of lefs than ip'f ; thp quan-^- 
tity of mattfer in the earth muft be increafed or di- 
iB^niflied in the triplicate of that ratio j. the i?eft. 
remaining the fame. 

Cor. i. Th^ rii^ dUrniiim ^f -th ftm nni ptMttSy, 
' ere\ far iht fbun io0ot>, S^tkrn 790^ yufittr 996,. 

^^^ Bl^ ^^^ £^/;&' 109, Vinm 11*2^ M/sr<my 40,, 
ibe Moon 30. 

Ftl>r we found • bef one^ that PQ is 4s PE x angle 

PEC^ Therefore fuppofing Q T to be any j^tonet, 

the radius QP f-and confequently. th« diameter) is, 

' as the diftaoice EP of the earth x by the apparent 

radium 
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radius PEQ» or by the, apparent diameter of the Fig. 
planet. But.thd kppa(rfetit di^met6r of the planet is 97, 
hadhy obfervation^ and the diftance £P ii known 
from the agronomical tables ^ by finding, thereby 
the heliocentric places of the earth and planet. 
The diameter of the earth here giveili fuppdes the 
fun's parallax tq \^ 1 of feconds. But if the fun'* ^ 
parallax be greater or lefs, the eaith*4 diaineter . 
muft be increafed or decreafed in thw ratio ; the 
others remaining as before. The mdon'S diamettft ^ 
is fouhd the fame way as the reil. . 

C*, 2. ff^ct i^^enfityofibeJuHy andfucbofibe 
fktnet^ 'aihdvt fittMt)^^^ ati\ the Sun 100, ^turn 
65i, Jitptiir 9^, ilh tOrtb ^93. 

FoiUhe^ (i^u^nti*^ blF ftiatter in any oi thefe bodies, 
is ks the denfity '^nd tube of the dianieten There- 
fort dhte'dehfity is as the quahtity of matter divi- 
ded by the fcube of the diameter; Biit the quanti- 
ties « ihattir are kn6^vn by this Prop, and their 
diimetdrS by tor \. aiid th'erffbre ybu will have ' 
the dfcnfities, ih thfe pfbpoftion abovfe laid down. 

Obt ^. ^bi Doeight of 4 body at tbefurface of any 
ptariet^ is as ibk dinjity and diameter of t be planet. 
And tberefore istit the Sun ^3.34, Saturn 1.208, 7^- 
fiter 2.^09, and the 'earth i. 

For let d = dcnifity of the planet, r =: its radius. 
Then the weight at the given diftance i, is as the 
<jiiah1ity bf tnaAet', that is, a^ dr^ > confequently 

the weight at the diilbance r, is as — or dr. But 

at the diftancfc r the body is upon its furface ; therc-^ 
fore at the furface, the weigKt of the body is as 
^r, or as i X 2r.. But d and tr are both known 
by Cer. 2- and Cor i. And ther^ore xJiMt weights 
at the furfaces, are found as above. 

^ ^ 1?R0E 
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PRO P. XXV. Proi. 

To find tbifrop&rtim between the axis ef the fiat or^ 
a planet J and its equino£Nal diameter. 

"Let r r: radhis oF the fun or planet, / =r force 
erf gravity on its furfacc, v = vcrfcd fine of thr 
arch defcdbed in i fecond by its rotation, to the 
radius r. Hz: eauino£tial or greateft radiu^^ 
Then if the force ot cravity / be denoted by the: 
fpace a heavy body defcends in a fecond at its fur- 
face, V will denote the centrifugal force arifin^ 
from its revolving ; and this is equal to the dir 
minutiont of its gravity. But fo much as the gravity 
of a column of the planet is diminiJhed, fo much is 
its height increafed, to make an equilibrium/ And 
this is the fame within the planet as at the furface;. 
as both thefe forces decreafe ia the fame ratio.. 
Therefore we fhall have/ : /— v : : H : r. And. 
/ •/— r V : : atj : 2r, that is/ :/— v : :zs the e- 
quinoftial diameter : to the polar diameter nearly. 
Therefore if the diameter and time of revolotK>n 
be known ; the arch defcribed in a fjbcond will, 

be known, and v the verfed fine of that arch. Alfo 
/ win be known, by having the gravitating forc^q^ 

upon the furface. And hence tke. ratio of the 

diameters will be found. 
Cor. In the earthy the ratio of the axis to the e-. 

quatofial diamter^ will be found as 2^5 to 2^6. And 

iti Jupiter as 1 1' to 12. In the fun the difference /> 

([uite itifenfible. In tbe refi of the flanetSy thert^ 

wants the proper data. 

Scholium. 

The times of \ the revolutions of the planet$ 

• round their axes have been found out by X)bfervi][ig 

certain fpots upon their furfaces, Thefe fpots ad- 

hcriij^ 
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lieiing to the furfaces of the planets, revolve along -Fig. 
with them. Therefore if- the time, be meafured 
between ^e appearance d[ any fpot, and its coming 
again into the fame polidon ; tne time of the pla* 
net's revoludon is had. Hence the dme of rota-* 
tion of any pknet may be fqund, if there be any 
dark fpots upon its furface, t^at can be feen and 
obfervcd by a telefcope. But fome of them af- 
ford no fuch thing; as Saturn and Mercury. The 
periodic times Of thefe that h^ve been obferved 
are asfoUows* 



The Sun in 


25« 15* 


16", 


Jupiter — 


9 


56. 


Mars — 


-10 


40. 


Earth 


- 23 


56. 


Venus 


- 83 


26» 



PROP. XXVI. Proh. ^ 

TV determine the dijiurling forces wberewiib the pla-* 
nets aSl upon one another ; and their effe^s. 

Let A, B be two planets, as Saturn and Jupiter.- 9^< 
Then fince all bodies attract one another, ;with 
forcej? which are as the quantities of matter ; the 
planet B wijl attraft A/ and retard it in its orbit j 
and at the 4me time A will attraft B, and accele-, 
rate it in its orbit ; but when B has got to C, it wilji 
attraft A, and accelerate it in its orbit; and like- 
wife A will attract C, and retard it an its orbit. AX\ 
this follows from the mutual adlions of thefe two^ 
bodies on one another. And the forces of B and 
A upon one another will be as the quantities of 
niatter in B and A refpeftively -, and the acqcl^rat 
tion or retardation, will be in the fame ratio. Alfo 
thefe forces an(| their efFefts are the greater, thcf 
nearer the bodies are ; and that in the reciprocal du- 
plicate ratio of the diftance. Whence, after the bodies 

, * are 
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of. their eSk&s upm one ai^tlvur hwcnie U^^nfibk. 
And tQ df«efsiuie ^f ^omtiQP ci f»G^ ea$:|i 
txxly esem «Q f hf) 9t^ff » l^t D ^ d^Unoe of A 
from the fun- $ ^ qunntiiy of mttirr m tbe f^n, 
B and A :?; quantities of «^Ativ in fi ^n^ A* Thsm 
the force of the fun: upon A : is to the forse of 6 

upon A : : ^ -p-p. • to ^r-j. And the lil^c for thg 

force of A upon B. Therefore the quantities ef 
matter in the bodies, S and A ; and sdfe thett*. di& 
tances being known ; the 4ifturinng forte qf B up- 
on A, or or ^ upoii B will be knowRi 

Cor. I. Hence the. linear err or^ cqufed hy om boif 
B aSing upon anofbef A, far airf iif^^^ wi^ be known. 
And that is doHe by finding the verfedfme ^, of the arch 
defer ibed in that time by 4 i* its grbit ^ ati4 making as 

S B 

vrrr : to j—*^ : \v I to foMT^bt wpicb, will be the 
DD BA* ^j ^ ^ 

linear error required^ 

For the line v is that, which the force of the fun, 
would caufe the body A to dpfcribe, in ^ given 
finoe ; and there&re lu is the genuine eflSbft of that 

force. Therefore tbe cffp^ft pf the fprc^ — p- upon 



A, will be found by the faid proportion, as all (i* 
inilar effefts are proportional to their caufes. 

It is found by experience, that Satur-n's per iodic 
time is fometimes prolonged 13 days, by the action 
of Jupiter upon him. For when Saturn and Ju- 
piter are ijeareft together, their diftance will be to 
Saturn^s diftance from the (un, about as 4 to 9. 
And therefore the force of Jupiter is to the force 

of the Sun, upon Saturn , as LJ: to i2..1i? or 

16 81 

as I to 211. Therefore it is no wonder, if the pe- 
riodic 
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riodic time of Saturn be confiderably fliortencd, Fj^ 

. when its centripetal forci is increafed -i- part. ^ 

N 211 

' Tfa^ difturhing force of Saturn wpoi? ' Ju[|»itQr ' iji 
much l^fsj, for two reafqns, i. becaiife Saturn is 
about ^ tinics left than Jupiter ; knd i. becaufe 
Jupiter is nearer tha Sun than Satuitu Wl^ fr the 
Sun's focce upon him is jnore than .3 times ^s great. 
60 that Jupiter is ^fcout 10 (imes lefs diftiirbed by 
$liturn tlian Saturn is by Jupiter 5 which therefore 
is f<;arce ifenfible* . 

Cfyt.^B Jndj^mce it il€Md^U that wbm 4 ^fnet 

* iv^es mar Saturn or Jupiter^ it mufi:, P^^4^ have 

Shc.fofition and figure of .its* orMi chaHgedi as well as 

ifspev^gdical time^ from the Hfiurhit^fm^^cffo great 

For the orbits of comets being very eccentric 
ellipies ; a fmall cj^ange of the centripetal force, will 
xnajce a. great change in thefe orbits -, and even be 
Efficient to change theni into paraboEc or Hyp6f- 



bolic ones. 



u 



Cor. 3. Henc$^ when dny two planet t (as S(itur;9 
iand Jupiter) are in beliocentric conJmSion, The p€t 
fio^cal lime of tke mtermoft will be fh&rtentd^ and 0f 
the innermoft lengthened. / 

This arifes from the aftion of the two planets^ 
iipdri one another, when fb near together. For 
the centripetal force of the fun upon the out;ernioft 
will be increafed by the adion of the inner one, 
which flbortens the periodic time of the outer Qne# 
And the fun's ce?itnpa»l force upon the inner on§ 
will be diminifhed, jby the aftion of the outer one ; 
end that lengthens its periodic time j by Prop. Uli. 
Centripetal forces. 

SECt. 



Fig. 



I 

S E C T. VI. 

Tie- Theory of the Mootty and the SaUl- 
Utes ; the Suns diflurbing Force up-- 
on tbem^ lie errors in the. Moon's 
and Satellite's Motions. ConflruBiori 
of Tables^ and their Ufe in finding 
the Mooiis place t and time oftheSy- 
%iges, Mootis Libratumi her ^jutn' 
tity of Matter y J^^nfity, &c. 7^^ 
find &er difiance from a Star* J^Pi^ 
Errors of the Satellites* 
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AS the primary planets revolve about the Ain 
as their center of motion, fo does the moon 
about the earth, and the fatellites about their refpec- 
tive primary plartets. And tf -the moon was ac- 
ted upon by^ no force but the centripetal force of 
the earth, fhe would defcribe a perfect cUipiis z* 
bout the earth in the focus thereof; the principal 
axis whcredf would remain at reft, and always 
of the fame quantity -, her periodic times would all 
be equal ; and the inclination of her orbit invaria- 
ble, as alfo-the place of her nades. And then it 
Would be eafier to calculate her place, than it is to 
calculate the place of any of the planets, 
. But fince her motions are difturbed by the ac- 
tion of the fun, they become fubjedk to fo niAny 
inequalities, that it is a matter of the. greatctft diffi- 
culty to calculate her place exactly. And no fet of 
tables have ever been made, by which her place 

can 
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can be truly found at all times ; but in an age they Fig. 
will become elroneous and almoft ufelefs ; tho' they 
were at firft perfe£tly agreeable to the heavens, And 
perhaps no fet of tables will ever be framed, whieh 
will give her place true and exa6t for all ages. And 
what is here faid of the irregular motions of tlie 
moon, is likewife true of all the fatellites in fome 
degree or other \ tho' by reafon^df their great dif- 
tance, they cannot be exaftly oblerved here. 

One would be furprized that fo fmall a matter, 
as a little variation in the fun's force, fhould caufe 
fo rriany irregular motions in the moon, as fhe is 
found to have ; and miich more, that they can be 
brought to no certain rules, butfuch as are in the 
higiieft degree intricate and laborious. So that 
this fingle fecondiaty planet gives the aftrdnonliers 
more trouble, than* all the celeftial bodies befides. 
Mention has' been- made of -thefe irregular motions 
Ml the Schol. of Prob. XVIII. Seftion JV 5 and the 
methods of finding the mean quantities of thefc 
motions by obfervation, is'lh^wn in that Prop. 
But to treat this < matter at large, in all particulars 
relating to the^pipon's motion, would require a 
.' terge volume cJf itfelf, which would not at all fuit 
with the intended brevity^ io , this courle of ma* 
thematics. But that I may give the reader as much 
as I can in fo little compafs ; I fliall, in what fol- 
lows, demonftrate the principal irregularities thai; 
attend her motion, and the calculation of her place, 
by fuch tables as we have already ; leaving the con- 
ftruftion of new ones to thofe that h^ve more time 
and leifure, and bettet convenience ; v/hich is oro- 
perly a vv^ork for thofe that have the ufe and ad- 
vaiuage of obfeJK^atories, wh^re they can prove 
their truth, and reftify them at pleafure. But .can- 
not be truly executed by private perfons, that are 
^ft it lite' of -fuch helps. 

PROP. 
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^' P R O P. I. Proh. 

to find the forces ly which the fun difturhs tht 
motions of the tAoon, 

4 > 

^o. Lci CADB be the moon's orbit, T the earth, S 
the fun, P the moon -, make SK zz ST j and let SK : 
SL : : SP* : SK*. Then if SK or ST reprefent 
the fun*s force at T, SL will reprefent his force at 
1^. Draw LM parallel to PT ; divide the force 
LS into the two forces LM afting parallel to PT» 
and MS ading parallel to TS. But the force LM, 
and the part TM difturb the moon's motion. The 
force LM in its mean quantity is equal to PT, and 
* by fo much the force of the earth upon the moon 
is increafcd. Alfo TM in its mean quantity is 
equal to ^PK, a&ing in direction PN parallel and 
cq^a^ to JS i and this force MT draws the moon 
out of her orbit. Let P, ^ be the periodical times 
of the earth and moon ; then (by Prop. V. Ccnu 
Forces), the fun's centripetal force at T (ST) ; 

ST PT 
the earth's centripetal force at P : • pp • "^ ; 

t^Iierefore the earth's centripetal force at P rr 

PT X PP 

*■• — — — ^ • And this is to the additional force PT : : 
PP 

PT X PP 

—— : PT : : PP : pp. That is, the force by 

which the moon is retained in her orbit : is to 
the increafe of centripetal force by the fun's ac- 
.tion : : PP : PP : : 178.725 : i. Therefore the in- 
creafe of the moon's centripetal force is —7; 

178,725 

pf that force. 

Alfo force PT : force 3PK or PL : : PT : 3PK, 
Therefore, ex aequo, the force by which the moon is 

retained 
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retained in her orbit : difturbing force PL or TM : : fig. 
tT X 178.725 : 3PK*. Therefore the difturbing oo. 

3PK ^ 

force TM = pT X 17b 72^ ' ^ ^^^^^*^ centrip. force 

on the moon zz 3^ the fine of the moon's diftancc 
from the quadratures x earth's centripetal force, 
divided by 178.725 X radius. 

Ccr. I . Let C, r be the centripetal forces of the 

fun and earthy S n: fine of the moon^s diftance from 

the quadrature^ radius zz r. Then the additional 

c 
force (FT) = g ' And the difturbing force 

*' * osc 

Cor. 2. Produce TP, and make PR = PL or 
TM, and draw RQ perp. to TQ. then QR is fbe 
force that accelerates the moon^ and PQ^is the dimi^ 
nution of its centripetal force. 

For the force PR is divided intp the two forces, 
PQ and QR, of which PQ afting towards Q^di- 
jniniflies the moon's centripetal force ^ and QR be- 
ing parallel to the tangent at P, accelerates the 
moon ajc P» 

Cor. 3. There are four points in the moon^s orbit ^ 
each 35° 16' from the guadratures^ where the moon^s 
difturbing force makes no alteration in the earth* s cen^ 
tral fQrc^. 

For the triangles PKT and PQR are fimilar, 
whence PK : PT : : PQ^(PT) : PR C3PK) j there- 
fore 3PK\ = PT*, or 3^^ rz rr^ whence s zz 
rr 



» * 



J 



■- = 5.35° \&. And when PQ = PT, the 

diminution of the force is equal to the addition, 
which makes no alteration. 

. Ta Cor, 
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» 

9I; Cor- 4- ^' »'«» Me PT « = -^^^ of the 

force of gravity at the earth. 

For the force of gravity is 3600 times greater 
than the force at P. 

Cor. 5. The whole inereafa of tie centripetal force 

c 3^ 

For rad (r) -.^s:': PT (7—) : PK = 

^-^ — And PR = 3PK = — „~— And 
j7-8.725r ^ . 178.725'^ 

, "-^d (r) : PR (77!^,) : = S.R (s) : PQ. = 

^|£ff And PT — PQ = whole additional 

XjS.yzsrr 

force =: — : Z c. - 

?78.725 

Cor. .6. If Pi. z=. Jint of twice the mooifs dijlanct 
from the quadratures ; then . the force Q.R, accelerat- 
ing or retarding the moon*s motion in its -arHtf is 

qc A 

— X--- 

178.725 zr 

Let z = S;QPR or KPT = cof. PTK j then 
rad (r; : RP (7^^,) : : S.QPR (z) : QR =• 

T^IFr ^ '^ = ^^^ trigonometry) j^- X -• . 

Cor. 7 . Hence the maon is accekfated in the qua^ 
drants CA, DB ; and retarded in the quadrants AD, 
BC. 

Cor. 8. The force which accelerates or retards the 
mocifs motion^ is greateji in jie o£tants. For 
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Far it is greateft when A is greateft, that is when Fig. 
2CP is 90 degrees, or CP n 45°. 9.9* 

Cor. 9. The dijlurbing force TM, in the fyziges 
A and B, is 2PT. Jnd therefore the earth* s force 
upon the moon in the fyziges^ is twice as muck dimi- 
nijhed ; as it is increafed in the quadrature^-. 

* 
Cor. 16. The moon* s orbit is more fat in the /y- . 

zigeSy and more curve in the (jiuadratur£s ; and there^ 

fore Jhe goes farther from the earth in the quadratures* 

For the orbit will be more curve where the cenr ' 

O'al force iss greater, that is in the quadVatures^. 

PROP. II. Proh. 

To find the moment of the area which the moon'de- 100. 
fcribes in any place P ; her orbit- being nearly, circular. 

Let c zz tartWs centripetal force oa the moon, 
s and z the fine and cofihe of PTK. Let RPL 
be parallel to AB,,, and fuppofe the arch O and al- 
fo. P/) to be def<;ribed by the moon in a fecond. 
Draw ndy P/ parallel to CT. Tjfen (by Cor. 6. 
Prop. I.) the force QR that accelerates the moon 

T. . 3^ A osz . 

at P, IS r: — z X — r: — tt X. c-y. and 

no n fpace defcended at C in. a fecond, by the 

■ C^* . ■ - 

forcQ c •, arid zno or pTp zz velocity generated by c 

ill a fecond. And the velocity geiierated (in; an 

Qsz Co- 

equal time) being; as the force, . ^ — ^ X r=^ = 
^ '^ ^ . *78.725rr CT 

velocity generated in a fecond at P, by^ the force 
178 7;.Arr ^ ^* ^"^ ^^^ whole velocity generated 

by all Ae forces J^^I^^. X c,, is — fim of all 

^ T,a the 
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Fiff. \ 3^^ C^* 3 ^^ s- 

ICO- i78.725rr CT i78.725rr CT 
of all the P/) X sz in the arch CP. 

Therefore if TC zz r/PK =: J, TK = z, arch 
CP = V. Then by fin^ilar triangles, TP X P^ = 

PK X P^; that is, — rz zz sv. Then the fum 

of all the FfXszzz fluent of szv or — rzz zz — 

-— ■• But at C, z zz r, therefore the correct fluent 



rss 



is — X rr — az =: — rz fum of all the Pp X sz* 

2 2 ' 

Therefore the whole velocity generated at P, by 

3 C^ rss 

the force QR, is =: — jt— — ^ X t^. X — = 

3 C^ 

— Z X — r J/. Whence, moon's velocity (Co) : 

this increment of velocity (j^ijjz X ^J^) : tr 

X i78.723rr : ss : : iig.iSrr : jj. 

. Therefore |hc increment of velocity at anyplace 

ss 
P, above the velocity at C, is = X Pp 

' PKV ^ 

;= — — pq^.X moon's velocity. All this fuppofes 

the fynodic revolution to be 27^ 7^ 43"*. But fincc 
it is 29** 12^ 44°^; the increment of velocity muft 
be increafed in the fame proportion ; that is* in the 
ratio of 10808 to 10000 j and then the whole in- 
crement of velocity at any place P will be =; 

112.4PT* ^ ^y ^^^ moon's velocity. Therefore Ac 

velocity at C : to the velocity at any place P : : 

ss 
Co : CO 4- jj^2.2rr ^ ^^ • • "2.4rr : iii.^rr + 

/-% That is, the velocity at C : velocity at P : 

iia.4PT* 
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1 1 2 .4PT* : J 1 2.4PT* 4- PK*. And the moments Fig. '. 
of the area it C and P (being as the velocities) are icci.. 
in the fame proportion. 

Cor. I . Hence the whole increment of the moorCs 
^^elociiy at any place P, in fajfing thro^ C P j is as the 
fquare of PK. But the momentary increment {being 
as PK X KT^ increafes to the oSants where it is 
gfeatejl^ and from thence decreafes to A where it is' 
noshing. 

Cor. 2 . ^he moment of the area, in tie quadrature 
C, is to the tfiofhent of the area in the Jyzigy : : as 
X 1 2.4 : II 3,4 ; and the fame is true of the velocities. 

For if the velocity at C be 112.4, the incre- 
ment of velocity at A is i where j =: r ; and th^ 
whole is 1 13.4.. And the fame for the. areas, de-* 
fcribed in equal times. 

Cor. 3. In the oSantSy the moment of ipe area^ is 
to the moment of the area in the quadratures : : as 
^25,8 /<? 224.8. 

For then ss zz ^rr. And the velocity or incre- 
ment ^f the area at C, to the velocity or increment: 
zt P, is as H2.4rr to ti2^^rr 4- -i^^r 01* as. 224.S 
%o 225.8. 

Cor^ 4.^ ^he fpace defer ihed iy all the. a^ditionai 
velocities^ in pafftng thro" the quadrant CA% is :=. 

- — 5 X CA. And in faffing thro^ my arch QY^ 

.224'*^ » 

is as the area of the fegment GPK. 
, The fpaces being as the velocities, whilft ti^e 
moon* defcribes t^e fpaee P^,- with the velocity at; 
C5 fee will (by Prop. IL) defcribe the fpace 

ss 

— X P/>; bv her additional velocity. Ami 

'i'i2.4n- , 

whilflr jDkc defcribe? ' (the fura df all the P/)) or 
GPj (he wilf defcribe an additional fpace =:: fum of 

T 4 all 



» 
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X ss. But the fum of all the Pp X ss zz fegment 
CPK X r. Therefore whilft fhe defcribes CF, (he 
will defcfibc (fcy her additional velocity) an arch = 

1 'I CPK 

X CPK Xr = X — — And whenfhc 

iiis^rr , 1 1 2.4 r 

comes at A, flie will defcribe the additional arch 

I CAT r CA X TA I 

■« . '■ V ■ — ■ V — ^— — CA 

112.4 r ~ 112.4 2r ^224.8 

PROP. III. Prob. 

To find nearly the proportion of the diameters of 
the moor^s orbit j fuppojing there is little or no excen- 
tricity. 

loi. As this orbit differs not much from an ellipGs, 
we will fuppofe it to be the ellipfis CADB, C and • 
D the quadratures, A and B the fyziges, T the 
earth in the center. Let the femiconjugate AT = 
A*j the femitranfverfe TC zzy. 

By Ex. L Prop. XIX. Seft. IL B. II. Curve Lines, 
the radius of curvature at the vertex of an ellipQsis 
-^ latus rectum j therefore the radius of curvature 

at A n ^» and at C n — • Alfo (by Cor. 5. 

iProp. I.) the increafe of the centripetal force at C 

. ■ "I 

(where s zn 0) is —rzrric. And the decreafe at 

2 

A (where j =: r) is ~z c. Therefore the force 

1/0.725 

.. 179725 176.725 

at C is TTTrrrT^j and the force at A is —ttztJ* 
17S.725 i7<>«7^5 

Therefore the force at A to the force at C, is as 

^7^-1^5 ^o J 79'725. Alfo (by Cor. 2. Prop. II.) 

' the velocity at A is to the velocity at C, as 1 13,4 

to 
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to 1 1 2. 4, and fo are the fmall arches A^, C^ de- Fig. 
fcribed in equal times. But the verfed fines 6f 
thefe arches are as the forces 176.725 and 179.725. 
And the fquares of the arches (Aa^<2c) divided by 
their verfed fines, are as the radii of curvature in 
A and C Whence it follows (putting the veloci- 
ties for the arches, and the forces for the verfed 

n X 1 113-4* I 1 2.4* TV X9C . c 

fines) that — ^--^ : ^^ : : ii : _ j therefore 

176.725 J79'7^5 ^ y 



•z 1 



113 4 XX 112.4 ^ yy ^ A » ^ 

— ^-!^ X — = - — --^— X ^' and 113.4 X 

176.725 y 179 7^5 / 

179.725 X x^ = 112.4* X 176.725 X/;. whence 
9C^ :y^ : : 112.4* X 176.725 : 113.4* X 179.725. 

And X : y : : v ij^.4*'x 176.725 : 

^113.4^ X 179725 : : 130.7 : 132.22 : : 86.2 : 
87.2, Therefore the moon's diftance from the 
earth in the fyziges, is to her diftance in the qua- 
dratures, as 86 to 8/. It is to be noted, that Sir 
Ifaac Newton makes them to be as 69 to 70, which 
doubtlefs are more cxaft. But it depends upon a 
very intricate calculation. 

PROP. IV. Proi. 
To find the variation of the moon. 

The variation is the difference between the mean 
and true place of the moon \ and is owing partly 
to the elliptic figure of the moon's orbit, and part- 
ly to the inequality of the areas defcribed in dif- 
ferent places thereof. 

About the orbit CAD defcribe the femicircle 102* 
CFD. Thro' P draw BPK perp. to DC, and draw 
TP, TB. Then the angle CTB will be the mean 
motion, and CTP the true motion. For the area 

TPC 
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Fig. TPC is to the area TBC : : as TFC to TAC ; .* 
Of as TF to TA. Therefore if BTC = 45 deg. 
and BK to PK as FT or TC to AT, that is, as 8y 
to K6. Then. PTK will be 44^ 40^ 8^ and BT? 
±: 19' 52'', tvhich is one part of the variation, or 
that af ifing from the elliptic figure of the orbit. 
Here if we had n>ade ufe of Sir J. Newton's num- 
bers 69 and 70, we ihould have had the angle 
BTP = 24' 42''. 

103. Let C A be a quadrant of the orbit, take C» = 
45 degrees, and let « be the mean place, a the tnie 
place, and /, F her places which (he would have 
withoiit any acceleration. Since flie moves Qoweft 
at firft, her' mean place m will be before her true 
place a ; atrd both of them before her place/. By 

Cor, 4. Prop. II. AF = ——^ X CA n 24'.o2, 
^ • * 224.0 ' 

ind fince both/ and w move uniformly, therefore 
C/ is as C«7, and fm as Cm ; and fince CnK =1 xC A, 
, ftn ,= iFA =r iz'.oi. But (by Cor. 4. Prop. IL) 
fa : FA (24.02) : : fegment CwK : area CAT : : 
I427 : 7854; therefore //I ir 4.^.36. Confequent- 
ty ma (fm — ^ fa) rr 7^65 — / 39", which is the 
other part arifing from the acceleration. This 
added to the angle BTP before found makes 27* 
31'' for the greateft variation. But if Sir J. New- 
ton's numbers were made ufe of, where the angle 
PTP is 24' 42'', the geateft variation in the oc- 
lants would be 32' 2 1'', But this is true fuppofing 
the moon to dcfcribe only 90 degrees from the 
quadratures to the fyziges. But as (he dcfcribes a 
greater angle In proportion of the fynodic revolu- 
tion to the periodic, or as 10808 to loooo; there- 
fore all the angles are dilated in that proportion •, 
and therefore the greateft equation will be 29' 44''* 
Or from Sir J. Newton^s numbers, 34' 58". 

*• ' ' . . . 

J?RO?. 
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Fig- 
P R O P. V. Prob. "^ 

J'o find the motion of the moorfs nodes^ her orhit 
being nearly circular. 

Let Ay BQ be the moon's jarbit, T the earth, P the 1 04, 
moon, SAB, the line of the apfides, Q, q the quadra- 
turcs> mtin the line of the nodes. PK, PH, AZ'per^, 
pendiculars upon TQ, and N». Then (by Cor. i. 
'Prop. I.) the force by which the moon is 4rawn 

out of her orbit is ^ ; c = ,^ ^^^^ c. Let 

PM be the arch which the moon dcicribes in any 
fmall time, and ML a fmall line, which the moon 

defcribcs in the fame time by the force rri ^> 

as this force is direfted to the fun, the line ML 
will be parallel to TS. As ML is the diftancc 
that the moon is drawn from the arch PM, by the 
faid accelerative force ; 2 ML will be the uniform 
motion it has acquired in that time, by the faid 
force. Let MP be continued .back to w, in the 
moon's grbit, to cut the -line of the nodes TN ia 
fw. Now fince ML is parallel to the ecliptic ; a 
plane drawn thro' ML and MPjw, will cut the 
ecliptic in a line f»/, which will be parallel to ML 
(by Cor. Prop. XI. B. V. Geometry) •, therefore 
draw LP/ to cut ml in /, and the triangles PML 

II2P \y T^fi 

and Pml are fimilar, and therefore ml = , 

MP 

but fince MP is given, and ML is as the force 3PK, 
therefore ml is as wP X PK. Now when the moon 
.was at P, the line of the nodes was at Twy where 
the plane of the moon's orbit TMP cuts the eclip- 
tic. But when the moon comes to L (inftead of 
M), the plane of her orbit will then be in the 
plane TLP; and the line of the nodes at T/» 
where the plane TLP/ cuts the ecliptic. There- 
fore 
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Fig. fore the angular motion *of the nodes generated in 
104. that time will beir: angle mTl. But the angle 

tnTl IS as --Tp X fine of Tml or STN ; that is, as 

fgP X PK 

— rp X AZ -, that IS, (becaufe by fimil^r triangles. 

wP PHv PHxPK 

mT ^ PT / ^^ — Ft X AZ, that is, (becaufe 

. PT IS given) as PH X PK X AZ. 

The line ML is to the verfed fine of the arch 

PM, as the forces that produce them ; that is, as 

s 
-— — — c to r, or as s to 59.575r. That is ML i 
59'575^ 

PM' , ^ PM* 

^MX • • ^ • 59-575^ i therefore ML = ^^j^X 



'. • When P falls upon A, or the moon is ' 

59*575^ 

in the fyzigy ; then s = r^ and the angle PML i$ 

a right angle; therefore in the triangle PML,, 

/ PM* X 

PM : ML { ri^rr- ) : : radius : S.LPM 

\2Mi X 59.575^ 
PM 

or wP/ iz J.A r^ And if'N be^t Q, or 

2Mrx 59.575 ^' 

the nodes in the quadratures, and P at A ; then 

PM and PL being parallel to the ecliptic, m and / 

will be at an infinite diftance, and then the an- 

,gle mTl will; be equal to wP/, whofe fine is 

PM 
2MTX 59.575 ' -^^^ *^ ^"^le »*T/ anfwermg to 
2 ML is the motion of the node, whofe fine is. 

PM 
MTX 59.575 ' S"PP^^^^ ^^ '^ ^ defcribedin 
an hour,, then PM or the mean horary motion is 
32' 5&%j whofe fine, as it differs infenfibly from the 

. ' ' 32' 56^'4 

arch, we Ihall have the arch =r ^^ '; ' / (putting 
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"^M zz i) = 3 3". 1 8, where all the angles PTK, Fig. 
PTN and STN are ri^ht angles. And in, other 104. 
cafes, the horary motion of the node will be to 
33^', 18, as the produft of the fines of the three 
angles PTK, PTN and STN, to the radius cube ; 
and the nodes are regreffive when all the fines art 
pofitive. * But if any fine changes to be negative, 

the nodes will be progreffive. . 

• •> 

Cor. I . The nodes are progrejjive^ when the moon 
is between either quadrature^ and the node neareji 
that quadrature [ otherwife 'they are regreffive. . And 
by the excefs of the regrefs above the progrefs^ they 
are in the whole moved forward. 

For in ,the arches Q A;? and jBN ; PK and PH 
are both ajSirinative or both negative. And in the 
arches NQ, nq ; only one is negative, the other 
being affirmative. 

Cor. 2. In aivf given pofition of the nodes in re- 
^ fpe£l of the fun^ their mean horfiry , motion is half 
their horary motion in the moon^s fyziges ; and is to 
16^59, as AZ' to AT\ 

For let QP = z, QK =r ;^, PK = ;r, tan. QN 

= /, AZ =: J; PT = r, i& zi 33'.i8. Then if 

PM =: Zj by the nature of the circle jyi; = rx. But 

by this Prop, the horary nciotion of the nodes at P 

AZXPHXPK 
= -pj^z X 33''. 1 8. Produce PK to D, 

^ and by fimilar triangles TQjr) : TK (r — x): :t: 
' r — X ^ r — X 



KD zz 



/,. and PD r: jy + 



/; again 
: : PD 



r ' ^ . r 

by fimilar triangles^ AT (r) : AZ (s) 

r ' 'X ' \ sy r "— • x 

(y ^ — / ) : PH = -^ + — /^.Therefore 

V' • r / r ^ rr 



the horary motion of the nodes' at P z; 



syh 

7^ 



X 

sy 
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Fig. jr r-~* ^jjj ^^^ rum of aU the horarf 
104. r ~ rr 

motions in the femicirclc = fum of aU the f^ X 
7 + IZI^ / X PM = flu. of^ Xy + ^-^ : 



X z = flu. of -— x;' + — ^ / X X = flu. of 
iji& ' rx — XX fsb 



— X yi + — ' = TT X area QPK + 

— /. And when at =: ir, chat fum is = 

r • 

ssb ^^ — 2r* ^ ^ 

— X femicirclc QA^ + — ~ — t = QA^ X 

ssb ssb , ^ - 

-T zr — X arch QAj* 

Again, when F is in A, PH = AZ, and PK = 

^ ,, , AZXPHXPK^ 

AT, Then the fum of all the pY5 * 

AZ* , « ^-^ , • ^^^^ ^^^ 

— fum of the pTp ^=*^-r7*^^7r" ~ 7r^ 

arch QAj. And the former fum is to the latter, 

as — to — » or as I to 2. Therefore if the nodei 
2rr rr 

went on with the velocity they have in the moon's 
iyziges, they would defcribe twice the fpace they 
now defcribe ; and therefore the mean motion is 
but half their motion in the fyzigy. 

■ AZ* 
Lstftly, fince pp h = horary motion at A, the 

AZ* 
mean horary motion is "pp: ^,,and this is to x ^ 

AZ* 
(16^^59)^ as -pf, to I or as AZ* to PT% ^ 

. Cor. 
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Cor. 3 . If the moojfs orbit he an Mpfis inftead Fig, 
if the eink QAy B % the mean horary motion will 6i i Qj^^ 
contrasted in the ratio of the tranfverfe to the cot^- 
jtigate. _ 

For the force 3PK l^eing leflened in the ratio of 
TQ^to TA s the line LM, and ^dnfec^ently • the 
angle LPM will be diminiflied in the. fame ratio. 
Therefore the horary motion, in any place^' and 
the fum of all the horary nootioos wiU'ba dimimflx.4 
cd in the fame ratio, or as the area of the circle to 
that pf -the elUpfis. Th^ is^ the me;ui rqotiop of , 
the Ixodes in the circle will be to the mean motion 
of the nodes iq the etiipfis, as the circle to, th^:' el^ 
lipfis, or as the tranfverfe to the conjugate. 

Cor. 4. But in the ellipftSy if V and v he 
the moon's velocities in the fyziges and quadratures ; 
the motion of the nodes in the quadratures^ to the mo^ 
tion in the fyziges^ in dtfrniing iqud parts of its or-*. 

II 

hity will he as — to tptt* 
' vv VV 

Fpr the motion of the nodes is ais ML, which ^ 

is as the fquare of the time in MP, and therefore 

reciprocally as the fquare of the velocity. 

Cor. 5. Hence ^he mean horary motion of th\ , 
node throughout the year will be ahaut i/'.i 7 ; and in 
the whole year i<).() degn^ - 

The ine^n horary motion diroughout the year 
\% the mean pf ^U. jth^ mean horary ^notions, fdr 
^U pofition? pf tke node. Let- /. n TQ, ^> zn 
TA, then (by Cpr, 2. and 3.) riie mean bprarji 

ssh c ch ' , . 

motion 3= — X T ^ ^'~Z X ss. And' the funi 

2rr / zrrt 

cf all the horary motipns in the circle is si 

ch . 
~-T X fum pf all ;the ss = (becaufe the fum cf 

chr 

all. the J J == r X area of the circle) X area 

%rrt 

QAjB 
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IC* AnW fid 

j^l* QAfB = — X r X circumference QAjB = — x 

circumference QAjB. 

But when s zz r^ the mean horary motion is . 

L, and the fum of all the — is = — x circumfc- 

rcncc QA jB •, and. the former fum to the latter, 
is as 1~ to £-or as I to 2. Therefore the mean 

.4/ V 

ch 

annual horary motion of the nodes - is = — =: 
8''* 1 76 J and in the whole year is 19'' 54'. 

PROP, VI. 

k * 

7he horary varmtion of the inclination of the moorls . 
orhit^ is to the horary motion of the nodes : : as the 
fine of the inclination of the orhit^ to the tangent of 
the moon's diftance from the node. 

105. Let NP» he the:moon*s orbit, N» the line of 
the nodes, P the moon, rp a perpendicular upon 
the plane of the ecliptic, ^3T»l the horary motion 
of the nodes. Draw PH perp. tp TN, and draw 
pHg to cut Tm in gy and draw P^. Then the 
angle PHp will be the inclination of the moon's 
orbit, to the plane of the ecliptic when the moon is 
at P, and Vgp is the inclination after an hour; 
therefore HP^ is the horary variation of inclina- 
tion. Let p zz J. inclination, q zz tan. NP, and let 
Ho be perp. to PH, then rad (r) : H^ : : fine of 

P 
Hgo or PHp (p):Go zz-^ X Hg. Then the mo- 

r 

tion of the nodes or angle' HT^ : variation of in- 

Hg Ho 
cHnation or angle HP^ or HP^ : : rvf : ?jp or 



r~- • ' 
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«xHf r X HP TiKT , X J Fig* 

oThI • • ~HT~ • V ' ^^'. ^N (J) :i>i wd^o*. 

HPf = 4 X HT^ = 7 X NT«. 

Cor. I. ijf Q, } ^r^ /i^ quadratures^^ NR, irr 
quadrants. Then . /i&^ variation of inclination is no-- 
thing at the four points Q, R, j, r, yfo^ the in-- 
€lination demafes from Q^ to R, ««/ /row q to r, 
w/>^^ // is Uafi -, tf/irJ increafes from R /^ y, tf/sri 
from r to Q, w^^^ it is greateft. 

For at Q; q the nodes are ftationary, and NTi» is 
= o, therefore HP^ = o % and at R and r, y4» 

infinite, therefore -7 X NT» or HP^ = o. And 

the inclination decrcafcs in the arches QR, and qr. 
And increafes in the arches Rf, and rQ^ For Pjjp 

is lefs than ?Hp^ &cc. 

» - • . ' ' * 

Cor. z. If TL, he perp. /? TN, andK? produced-ioB^ 
tQ D, tf «/ /^' » = number of hours in defcribing QP, . 
/ ;= ^ne of 2ATN the double diftance of the fun 
from the nodes. Then the decreafe of incUnaticn from 

ptfy. area QLDP , 
Q:to P mil be = ^p-^TQP — *' 

Puitmg the fymbois as before ; then the honxj 

YJtfiatron UVg = ~- X NTw = 7 X Hp X NT«» 

V />XHT AZXPHXPK, 
=:(X^.«lProp.V.)p3nPH^ AT^^ * 

= ^ixei2<^^i^=^XHT.ButPK 

X « = AT X x } and drawing HI parallel to KD, 
we have, by fimilar triangles, TH : IH or DP : ; 

DPXTZ J , 
, TZ : AT, whence TH = — atT" * '^' 

U &M 
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^m\- *«, /^-^ DPXTZ 

jo|.ft»re HP; = "TT X - — ;: — = (becaufc AZ X 

TZ=fj^XDP=-^xDPxPK. And 
the fum of all the variacions in the arch QP == 

ftim 6f all the ?^ X DP X PK = fluefltof ^ x 

pfb 
DFyPKxz =:g^xfl.DPx ATxx = E 

^,xDPxx3=^Xarca QPDL. But as b 
*hc horary motion of the nodes is given, w€ (haff 

liave QP :'» (the number of houfs) : * '^ X QPDL j 

whole variation in that tioais = ~rr X -7v3— * 

And at R where the inclination is leaft, the whole 

. j. . . pnfh area QRL * 

wminution = — - X j^iT ' " 

arJ QR 

' ' ' * . 

; Cor. ^. If tbt nodes are iu the quadratures^ th^ 

variation in the arch QP = -^—^^ And ai 

A 'Where it is Uaft, it ii tz -^^ x b. 

In this cafe the area QPDL is infinite, and / sr o, 
from which no folution can be had. Therefore 
we muft have recdurfe to the original procefs, where 

ijr-* />*^HTxA2xPK . pk 

UCp = j X ' ■ ' ^y, " = (in this cafe)^ 

^ KTx.TAxPK ph 

H ' ^^/, = 77 X TK X PK. There* 

t)b 

^ore the fum of all the HGp =: —^ fum of all th« 
TJ^ X PK. But the fum of aU the TK x PK = 
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~. Whence the fum of all the variations in QP zz j ^f * 

^■^* But this muft be diminiflied according: to the 

numberof hfi\ifS,whertCcQP : » : :>^: " '^JVUti *; 

' ^ , 2rr 2rrxQP 

Arid when^ = r, the whole diminution in pafling 
from the quadratures to the fyziges is = -^fg b 

zz 162^'. And by (0 much it is increafed again at 
the quadrature f. For here p zz •087. (the incli- 
nation being 5 deg.)» and n zz 177, and QA rr 
1.57. And in the o^ants, where the horary varia- 

• pH 
tion is greatefty the variatiofi comes out -775 = 

Si^, in the moon's pafling from Q^to P, the nod* 
remaining at Q^ 

PRO P. VIL 

^hi txcentricity of the mootCs orhii is contitiuaJly 
Vatying ; and is greatejt when the line of the apjidei 
is in the fyziges ; and leafty when it is in the quadra* 
iures. 

If it was not for the fun's perturbating force the 
moon would always defcribe the fame ellipfis, and 
the tranfverfe axis and: excentricity of the orbit 
would remain unaltered. But fince the pertur* 
bating force of the fun always a6l:s upon her more 
or left, and caufes all the irregularities of her mo- 
tion ; itds evident that all thefe eflfe6ts will be the 
greater as that force is the sreaten But when the 
tranfverfe axis or line of the apfides is in the fy • 
ziges, then the perturbating force TM or 3PK 
(fig. 99.) is the greateft poffible, by which means 
the mo9n is removed fanher from the earth, and 

U 2 con- 
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F^g. confcqucntly the tranfvcrfc axis is lengthencl, and 
the cxccntricity becomes greater. And the con- 
trary happens when the tranfverfe is in the quadra- 
tures; for by its being in the quadratures, the 
force LM is greater-, and the whole centripetal 
force towards T being greater, the body will be 
drawn nearer the earth and defcribe a lefs orbit, or 
one icfs exrentric than before. Therefore when the 
.apQdes are in the t^uadratures, the excentricity is 
lefs ; and when they are in the fyziges, it is greater. 
But how much it is greater dr left depends upon 
the mean excentricity ; and that depends upon ob- 

iervadon. 

> 

Cor^ I . Hence the excentricity continually increafes^ 
ss the apjides move from the fuadrstures to the fj* 
ftiges \ and decreafes from the Jy^ges to the quadra* 

sures. 

Cor. 2. Likewife the excentricity of the orhit con^ 
iinually increafes^ as the moon fajfesfrom the quadra^ 
futes to the Jyziges -, and decreafes^ in faffing from 
the fyziges to the quadratures^, 

For the pcrturbating force increafes from the 
Quadratures to the fyziges \ and decreafes from the 
lyziges to the quadratures. 

PROP. VIIL 

iQj. ^kenpfidetif the moon^s orhit move forooardj toheri 
the moon is in the fyziges \ but backward when the 
moon is in the quadratures. 



Let ACBQ be the moon^s orbit ; A, B the fy- 
aigcs •, Q and q the quadratures, T the earth, CG 
Jhe line of the aj[)fidcs. Then the velocity of the 
moon at the fyziges A, and the area defcribe^ 
there, will (by Prop. II.) be greater for the time, 
than she velocity and area at the quadrature Q; 

' "' -■ anil 
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knd therefore the velocity and area will be greater Fig. 
iit A, and lefs at Q, than it ought to be when the.ia7«. 
orbit is defcribed regularly by the moon, without 
aAy acceleration or retardation from the diChirbing 
force. Hence it follows, that the moon being too 
fwift at A will leave the orbit behind ^ that is, the 
moon, inftead of being at A will be got to a ; and 
therefore to keep it ftill in the orbit, the point A of 
the orbit mull be,mbv?d'to tf, thro* the angle AT^, 
and therefore the whok orbk muft be ' moved t&ro* 
the angle AT41 ; that is, the apfide&C, Gmuftbe 
movedforward thro'the angle ATn or CTc equal to 
it. But n<rar the qiiadrature Q, where the moon is too 
flow, (he will be left behind at p ^ and therefore to 
keep her in the fame point of her orbit^ the icn-bit 
muft be moved back to the moon, or the point Q 
muft be moved back to p^\ and . therefore the 
whole orbit mult move backwards thro' the angle 
QTjp. Therefore when the moon is in the fyzigcsj, 
Vfhere her motion is too faft, the apfides move for- 
wairdi but when Ihe is -in the quadratures, where 
her motion is too flow, the apfides move backwaixL 

Cor. I. ff^bcn the apfides are in the ^ziges^ they 
move fdfteft forward ; afid in. the quadratures they 
move fdftefi backward. 

For in the fyziges the perturbating force \% great- 
er; and the eflffc&a greater; and the contrary in 
the quadratures. 

Con. 2, Tn a whole revolution of the moon the ap- 
fides are carried forward. 

For (hf Cor. 9. Prop. I.) the centripetal forpf^ 
of the earth is twice as much diminifhed in the fy> 
ziges as it is increafed in the. quadratures ; wjience^ 
the elFefts will be greater in one cafe thar> the 
other ; and therefore the progrefs of th^ apfidw 
will be greater than their regrefs.. . , ^ 

Cpr. z. ; Then are certain pftints, of the orbits whert 
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Fig' ti^ afifida. art at r<A » and ihefg ara a$ abata y^^ 
t07* degrees from the quadratures. 

* For (by Cor. 3. Prop. I.) in thcfe poiots, the 
difturbing fo^e ceafa^ aiid if the force was always 
to contiaue proportbual to that, the moon would 
move in an ijnmovcahle orbits tbere^are 'm diefe 
pointSt the orbit is at reft. 

I • • • 

. Scholium. 

In con&quence of ihe greater and leffirr pertui^ 
bating force of the fun an difierent parts, and in 
ilifierent iituations of the moon's orbit, the apfides 
are carried with an unequal motion, incpeafing to 
the fysiges, aod decreafing towards the quadra* 
tures ciU they ftand •, then moving backwards fafter 
and fafter to the quadrature^ where the motion 
begins to decreaie again. And all thefe moticms 
tre greater or lefler according as the forces that 
produce them are greater or kfler 5 and the fame 
Is true of all irregular motioas of the moon. * And 
iince thefe fbxx:es are a little greater at the conjunc- 
tion than at the oppofition of the luminaries ; aU 
thefe eflfeds will be fomething greater at the con^ 
junftion than at the oppofition. • 

Thefe difturbing forces crif the fun, and their 
effefts, ara . alfo different at different; times pf the 
year. For (by Prop. XXVIII, Cor. 4, C^jtripetil 
forces) thefe forces or their efFefts are reciprocally 
as the cube of the fun's diftance ?Lt that time. 
And therefore the motion of the apogee ^nd node$, 
and the excentricity of the orbi^ will be greater 
In winter than in fumltner. In winter the fun*s 
greater force dilates the moon's orbit, and then £he 
moves flower, and her periodic time is greater. In 
fummcr his lefler force cpntra6ts the prbit, and fho 
moves fefter ; and her periodic tipie 13, lefs. 
■' ' ' From the foregoing principles, and proper ob-^ 

'fervations made upon tne iwootfa rnQtioas, tables 

• ^ are 
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are £onftrvkd;ed for readUy fioding the moon^s placet Fig«: 
-vvitbout whkh il WQuld bean immenfe labour toio^« 
.do it. The elements of the moon's motion that 
have beea gained b^ ohfenratton^ bdides thefb'* 
mentioned in Prob. XVllt Sfeft. IV. arc the foU 
lowing*. 



u 



"Xh^ gre^ceft equation of the ap<^c 
The greatcfl: equation of the node 
The mem iriciination of the orbit 
The greateft inclination •««• 

The leaft incliiration *-« 

The mean variation in the o£lahts 
The greateft yafiatkm . -«» 

The leaft variation -•— — 
The mean horizontal pandhac 



la 


18 


OQ 


I 

% 


29 40 


5 


$ 


30 


5 


»7 


3 A 


■4 59 


30 




35 


10 




37 


25 


■ 


33 


4 


■ 


57 


5 



The mean excentricity 55 (of ippo parts)^ thij 
greateft 66-tV, cIk leaft 43,25.. , 

The greateft annual i^quation of the moon'> 
fUccy 1 1' s^" * of the apogee, ao' o'' ; of the 
lEK)de, 9'.30^ 

The ratio of the moon's parallax to her diame^ 
teri as 167 to 90, or as 1 1 to 6. 

PROP. iX. Proi. 

Tq explain ^bt naiurt^ cottJimSfiim^ and ufe of thir 
lunar taUnSy J or finding ihc moof^s places 

For this purpofe difTorent authors have different 
fpethods, and different fets of tables. Some ha- 
iring more* fome fewer. Some throw Several equa- 
tions tog^er in one table, whilft others give thein 
in feparate tables. Howeioer t^ principal of thetu 
:8re mefc thw followi 

, , I, A table of rthe epochat's or radix's of the 

moon's mean places her apjQge&and afcendin^ liiode, 

" it)ade for the beginning of feveral years ^ beginning 
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l^ig. December 3 1 at noon, and for fome particular place 
you pitch on* Thefe are niatters of obfervarion ; and 
this table is generally made to agree with the 
moon's motion when the earth is in the aphelion. 
Ill this table is inierted a table of the moon's mean 
motion from the fun, for thefe times ; or elfe a fe- 
parate table is to be made. for that purpofe. 

2. A table of the mean motions of the moon, 
of its apogee and node, is made for years and cell* 
turies of years ; and for months, days, hours, &c* 
And like wife the mean motions of the moon from 
the fun. This table is calculated from the moon's 
periodical time, which is known ; and ferves to 
find the mean place of the moon, apogee, and 
node for a given time. 

3. A table of the annual equations of the moon^ 
a^o^ee, and node, correfponding to the equation 
ot the fun (called the equation of ttie center), thefe 
equations, in diflferent parts of the earth's orbit, arc 
reciprocally as the cube of the fun's diftance. 
And thefe four annual equations are proportional to 
one another ; and when one is greateft, the reft arc 
greateft ; and increafe and diminifh in the fame ra- 
tio. Thefe are tP correft the mean place of the 
moon, her apogee and node, found before when 
the equation of the fun is to be added, that of the 
apogee is to be added ; and thofe of the nK)on, and 
of the node, fubtra&ed *, and the contrary. 

4. A table of the correftion of the moon*s mo* 
tion, depending on the angle between the fun and 
the apogee 1 and is greateft when the apogee is in 
the o^fcants, and amounts to 3^ 56'^ when the earth 
is in the perihelion ; and to 3^ 3 V', in the aphelion. 
But this greateft equation varies in the reciprocal 
proportion of the fun's diftance. But when thjB 
gpogeeis out of the odtants, the equation is leis, 
in proportion of ^ fine of twice the diftance o£ 
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he apogee (from the next fyzigy or quadrature) to. 
.-adius* This eauation is to be added to the moon's 
motion, when tne apogee pafles from the quadra^ 
cute to the fyzigy } but fubtrad:ed, from the fyzigy 
to the quadrature. x 

5. A table of corre^ions of the mean pl^ce of 
the apogee, and contains two equatibns. The ift. 
depends on the angle between the fqn and apogee ; 
for the apogee goesiprward in the fyziges and 
backward in the quadratures. . The 2d is a men- 
ftrual equation, and depends on the angle betwoea 
the fun and moon. 

6. A table of equations of the apogee and est* 
centricity of the orbit. This depends on the an^lc 
between the apogee and fun } here the excentricity 
is put down over againft the equauon of the apoK 
gee which depends on the faid angle. This equa* 
tion is to be added (if that angle be lefs than 90 
or between iSo and 270, otherwiie iubtraded) to 
the place of the apogee equated ; which ^ives a 

''morp correft place of the apogee-, and having the 
moon's place, the moon's mean anomaly will be 
had. But thefe excentricities ousht to be corred* 
ed, according to the diftance or the moon from 
the fyziges, and of the fun's diftance, 

.7. Another table of the corrcftion of the moon'a 
Amotion, depending on the-'angle between the fun 
and the node. This equation is greateft when the 
nodes are in the odants, and is o at the fyziges and 
quadratures. It is calculated by Prop. V. When 

Sreateft it is 47^^, and is as the fign of twice the 
iftance of the ndde from the fyzigv or quadrature. 
This is to be added to the moon's place if the nodes 
move from the fyziges to the quadratures *, or elie 
fubtra&ed. 

8. A table of the equation of the orbit •, thitf is 
calculated like the equations in a primary planet, 
and by it is found the moQn's place in its orbit, 

the 
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At fame way Aat a poet's plttce is found. This 
is Called the eqMfien df ibe moon^s finfir^ and an* 
fwers to the degrees of tie moon's mean anomi^. 
Here, as the excefitrieio^ ¥»rieS) there muft be two^ 
/tables of this fort, anfwering thereto^ And for nc 
mean excentridity^ a proportional eqiian<m mnft be 
taken. 

• 9* A table of the moon^s variatbn or refleftion* 
l^his is eakulited by Prop. IV. It is greater whei^ 
the earth is in the pe?$heIion, ahd le6 in the a* 
]lhi{ion, reci;Ht>ca}ly as the cube of the fiin's ^- 
tance* This table is to be correAed according t& 
the fcveral degrees cf the *fori*s mean anomaly* By 
thb the moon's place is corretSted by adding thia 
Cbrredton in the f ft and 3d qu^ants ; and ftib* 
tra&ing it in tht «d and 4th. 
' 10. A tableof three equations ef the nodes. The 
Ift depends on the angle between the ftm and the 
nodes ; for the nodes are at reft in the fyzi^s, and 
tiiove backward at the quadratures ', the 2d is a 
menftrual equation of the nodes depending on the 
angle between the fun and moon. The third is 
annual -, for the nodes are fwifter in the perihdiofti 
The calculation of thefe depend on Prop. V. 

1 1. A table fliewing the correftion at the inclhr 
nation of the orbit. For the inclination is leaft 
when the nodes are in the quadratures with the fun ^ 
^md greateft in the fyziges. And in a revolution 
of the moon ; leaft when flie is in the fyziges, and 
greateft in the ^quadratures. Thefe are like the e^ 
quations of the nodes ; and may thcrtfore be put 
into the 16th table. 

i». A tabl^ fhewing how much thefe equations 
and eorre&ions are to be inereafed in the conjunc- 
tion ; and decreafed in the oppofition to the fun. 
For the forces being greater in the cpfijunftipnt 
• their ef&jfti will '^be greater; ' - 

1$. A 
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13. A taWe of the moonf-s" Utitqde for every dc^ 
jgrcc of diftaace from tb^ tmk* This is made the 
jamc way as the tables of th^ primary planets. 
But bccaufc the inclination varies, the table is mad<K 
for the leaft; and fhere is added ftich parts a$ 
rAake up the greateft. And in thfS mean inclioa- 
tions a proportional parf thereof is to be added. 

14. A table fhewing the moon*s place reduced 
to the ecliptic, for ail degrees of th6 m60n*s dis- 
tance from the node ^ and is juft the fame as in the 
primary planets. Th6 difference between this dif^ 
tance irom the node, and the reduced afch (or the 
hypothenufeand'bafe) iscaHedthe uduffipn^ which 
is put into the table in a proper column^ ^ This i^ 
alfo lor the leaft variation, and muft be Iricreafed 
upon'dccafion like the other. 

1 5. A table of the mqon's parallax;. This muft 
be made for the greateft and leaft excentricity ; ^nd 
a mean muft be taken as there is occafion, Thi$ 
table is alfo -to cohtain particles to be lubtrafted, as 
the moon approaches tfhc quadratures, where it is 
leaft. The parallax is alfo fefs when the earth is in 
the perihelion,, and greater in the aphelion. 

Some of thefe tables -may be branched into two 
or three, or perhaps fometimes two may be put 
into one, as may 'be thought proper-, different 
people having diflferent methods. There are alfo 
other tables pf the moon which may be ufeful, 
fuch as a table of eppchas of the mean conjuridlions 
of the moon with the fun. A table of lunar pe- 
riods. A table of the ha!;ary motions of the fun 
and ipoon, their diameters, and parallaxes, in c- 
clipfes. Tables of the pliiiian' periods of folar and 
lunar eclipfcs, $cc. 
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PROP. X. Pro^. 
Tojlnd tbe mooffs place at a given time. 

As different authors have different tables and di& 
ferent methods of working y therefore no general 
rules or precepts can be laid down, that will fuijc 
all authors and tables. For thofe that have coa- 
ftnifbed tables have put them into various forms» 
which require a different procefs or method of cal- 
culation. Yet there are fbme things which arc 
common to them all. I (hall give the method ao- 
cording to our coimtryman Dr. Halley, as follows* 

The arguments in any table for the feveral equaj- 
tlons, are the leading numbers therein, or the numr 
bers in the firit column of the table, by which the 

equations are found. 

• • • 

I. By HalleyV Tables. 

The precepts for thefe tables are the following* 
Let M = fun's mean anomaly. 
O = (un^s true place. 
A = place of the fun's apogee., 
; ) = moon's mean place. 
: > I, > 2, ]» 3,&c. = moon's place once, twice^. 

. thricci &c. equated. 
85 a I, 8 2 z: mean place of the moon's a^ 

cending node, and once, twice 
equated. 
G, Gi, G2 = mean place of the nioon's apo^ 

gee, and the fame once» twice" 
equated. Then, 
I . Find the true place of the fun, his apogee 
and mean anomaly, to the time given, reduced to 
mean time. By Prop. XII. Sed. V. 

a* From the tables of tbe epocbas of tbe mooris 
mean motions (Hi4 — I12, &cj, take the mean 
loQgitude of the moon, her apogee and node ; for 
years, months, d&ys,^ hours, &c. and add them 

into 
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into leparate fums for the mooiband apogee. Aiid 
for the node, fubtrafi: the fum (for the m6nth, day, 
hour, &c.) frqm its place in the radical year. 

3* From the tabU of the annml equatitms of tbi 
moon J &r. (L/3, &c.) take the equations of the 
moon, its apogee, and node; anlwering to the 
fun's mean anomaly for the argument. With thefe 
corredt the places of the moon, its apogee and 
node ; by adding or fubtrafking as the tablexlirefts. \ 

4. In the tam of ibe firft femeftrAl equaiion {Mm\ 
find the fecond equation of the moon's placer coi> 
refponding co the argument o -i-. Gi =: N, called 
the annual Argument. 

u 5- In the fame table {Mm\ with the other femef^ 
tral equation ; with the argument o -^ Q 1, find the 
third equation of the moon. 

6. In the table of the equations of the apogee and 

ixcentricity {Mmi^ &cO, with the annual argument 

N, find the log. for the equation of the moon's 

I 5 1 — Gi 
center 1 add it to the log, tangent of > 

the fum is the log. tangent of an angle, which 
doubled and taken from D i -— Gi (or its comp. 
to 1-2 figns, when greater than 6), gives a correc- 
tion, which muft be taken from J 3 — A + N, 
when J i — Gi is left than 6 figns ; or added, if 
above. With this argument, feek in the table of 
tie fourth equation of the moon ( Mm\ for the equa- 
tion J which will corredt the moon's place a fourth 
time. I 

7. In the table of the equation of the apogee and 
ixcentricity (Mm2, &c.), widi'the annual argument 
N^ find the fecond equation of the apogee, the 
cxcerttricity of the orbit, and the log. for the equa- 
tion of the moon's center. The firfl: corredls the 
Sipogep a fecond time, 

8. JTn the table for readify finding the equation of 

the 



jM t>F THE MOON 

ibe moM^s tmter ("Nn^ &^«>, with the wt^mam 
9 4 •— Ga (or the moott'ls moan uiovti2ij)sm it* fiip 
plementto i^ figns (when it is greater than 6\ find 
the equation in the oolumri having the propfcr k)g« 
£>t the equation of the moon's center at top. Aikt 
(or fubti^d;) thb equation fx> half the mean ano^ 
malf, affd to the 1». tangent of this correfled an^ 
gle, add the log. ror the equation of the center 
(found Art. 7.)^ gives the log. tangent of. half the 
true anomaty, which ddubled is the true anomaly. 
And the difference of the mean and true smtonaly 
is the equation of the ocmer. This is to be fub^ 
traded from the moon's place» when the mc^n 
anonudy exceeds not 6 figris^ otherwife added* 
This gives the moon's place equated a fifth time. 

9. In the tabk of tbi mtm^s vsria^mi orrtficxi^ 
(N»4), with the argument ]) 5 — 0% find dhemoon^s 
variation ( to its logiAacal log. ackl the }og. an^ 
fwering to the argument M, in the fMt tof toga- 
rkimfsfcr correHing the variation (N«4), the fum is 
the logift. log. of the true variation, ' by which cor * 
refting the moon's place (Art. 8O9 gives her true 
loi^itude in her proper orbit. 

10. In the table for computing the moon^s iatitude 
{Oo\ with the argument q — S) i, find the iecond 
equation of the node, the It^. line of the greateft 
inclination, and the greateft reduftion, by this 
equation of the node, the place of the node is a~ 
fccond time correfted. This place of the node 
taken from the moon*s place, gives the arguftient 
of latitude. 

To the log. fine of the' gfeateft inclination add 
the log. fine of the argument of latitude, the fum 
(abfiting radius) is the log. fine of the moOf^^ la- 
titude \ which is north, Whfcn the af^iiment of la- 
titude is lels than 6 figns, otherwife fotith. 

To the logift. log. of the greateft rediiftioo, a^d 
the arith. -complement of the log. fine of twice the 

argu- 
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irgtmient^f 14tltud^ \ tbe^fum is fho: Isgiftk JOj^'of 
tiie true i»«iuftiofi V wliieh muft iw fobct^uStftd irodt 
the moon's longitode tii her own orbitf ki the finfli 
aiid third quadrants of, the argument of latitude, 
or added in the tecotid and foufth; and there is 
had the moon's Idngitudc in thd ecliptic. 

Thus the kmgttude atid liti^d^ of t|e moon is 
found, as feeft frtttt the Cenfier df the> earthy lor ^ 
where flie is vertical. 

1 1. In the taMe of the mm^^ horizontul farulkn 
in the fytig {Oo%\ find the paralli^x, ^arifwering to 
her true anomaly, and alfa to her 4xcentricity .; ito 
the Ip^ftic log. hereof, add the tog. anlfwering to 
the moon's di^ance from the n^areft. fyz%y, found 
in the tsiie vf paraihp^ witbtmt the Jyzi^es {O02) % 
the fus^ k the logiftk4ogr of the nioonls true ho« 
rizontal parallax. - 

12. Then rad : cof. altitude : : hbritbptal parak 
lax : to the parallaix at that altifUde (by Cdr. 3. 
Prob. XVI. Sedh JV.). Then the* parallax, in la- 
titude and longitude will be foundby Pj?ob..25VII. 
Scft. IV. and confequently the appa^fqAt latitude 
and longitude of the moon, or her apj#rcnt pbice. \ 

But aft^r all, if the places. thxr^ found do not . 
agree to obfervations ; thefe equations ought to be 
corrected by obfcrvation^ or new oae^ found out^ 
to make the tables c):)mpleBt. " 

Note^ If the place you^ calculate for, is not that 
for which the tables are made ; the time will be 
differ^t, according to the difference of longitude. 
Which time muft be a<^uft«d^ before you begia 
ypurwork. 

Example. 

To find the mpOQi's {dace^ Nov; rfj 1768, at;, 
7 o'clock, 2 1 mimitc$!^ tneaii time# 
Sun's mean anomaly = 4- 19 3^/25t =r M. . .^ 
&a?s tn*e pl^e =7 27 . a. a+z:. Q. 

Jbis apogee =3 8 47 47 = A. 

This 
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This being leap year, a day mult he added» and 
die calculation muft be made for 1 1 days iooner,. 
by thefe cables i that is, for Nov. 8. 



1 

Nov. 8 

7 '*• 
at m. 


Moon* 

• / // 

6 14 54 14 
5 » 2 7 

3 50 35 
I r 3* 


Apogee. 
• / // 

6 4 36 20 
» 4 45 34 


I equa. 


II 19 58 28 
+ ' 7 47 


7 9 23 57 = G 
— 13 II 


aeq. 


ii 20 6 15 
— a 10 


7 9 10 46 = Gj 
+ 6 3 17 


>2 


II 20 4 5 
+ 45 


7 15 14 3 = Ga 


Seq. 


« 


13 
4eq. 


II 2a 4 50 

— I 47 


Node. 
9 ^J 3» 23 


J4 
5Cq. 


11 20 3 3 
— 6 23 26 


16 31 20 

56 


^5 


'* *3 39 37 
var. — ' 20 7 


3 


6eq. 


— i6 32 19 


J6 

« 


II 13 19 30 
red. — 4 37 


9 4 59 4 = 
+ 6 16 


[> place 


" 13 14 53 
moon's longit. 

in the ecliptic 


9 5 5 20 = Q I 
— I 26 33 






]>Iat. 

■ 


4 5^ ^3^^ 


9 3 38 47 = a 



>3 



Arguments. 



e 

o 

]>i 



• e / // 

o 17 51 55 = N. 



-Gi = 

-01 = 10 21 57 2U 

-G i = 4 JO 55 29. 
A + N = ' 7 23 25 8. 
^4-~'G2 :=: 4 4 49 o = mean anom. 

'■■■*& 
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D5— O =3' 16^ i& 56". 

J 6 — a 2 =;: 2 9 40 43 = arg. latitude. 

Operations. 
The excentricity .0649 
equation of the center log. . 9'9A3S'iA^ 

1> I — Gi ^ 

zz 65 27 45 Its tan. 10.340542 

tang. 62 31 47 10.2*84076 

doubled . 4 5 3 34 * 
Di— Gi=: 4 ^Q 55 ^9 
corredtion 5 5* 55 



1> 3 — A + N = 7 23 25 8 

fubtr. -- 5 5^ 55 

argum. Art. 6 = 7 ^7 33 * 3 

equation — ' J 47 

half thc.m. anom. 62 24 30 

equat. Art. 8. — i 33 

62 22 57 

Its tang. • 10.281352 

log. eq. center 9 -94353 4- 

the tangent lo. 224886 

of Ytttie anomaly 59 1^ 47 

true anomaly 3 ^8 25 34 

mean anomaly 4 4 49 <> 

equat. center o 6 23 26 

variation — — • — . 19 16 
its logiftic log. 4933 

correction log. ■— ■— 9.9814 

whole variation 20' 7'' . 4747 

S. greateft inclin. 8.95532 

S. arg. latitude 9.97209 

fine of 8.92741 

the moon's lat. 4 51 13 NT. 

X greateft 
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greateft rcduftion *— — — y' i'' 
its logifl. log. — — — 9320 
comp. Art. 2. arg. lat, 1862 

redudion V 37'' 11 182 

{)arallax 59' i^' logift. log. 72 
og. D dift. from lyzigy 57 

horizontal parallax 58^ i^" 129 

The remaining work being purely fpherical tri- 
gonometry, is done by Prob. XXXIX. Seft. 11. 
and Prob. XVII. Sed. IV. for finding the paralkuc 
in latitude and longitude. 

. But experience (hews, that thefe tables do not 
now anfwer to the heavens ; fo that they want 
fome amendment, or perhaps fome fmali equations 
are ftill wanting, in order to compute the moon's 
place correftly j which future induftry muftfiod out. 

P R O p. XI. Proh. 

To find the mean and true time of thefjTigy^ or of 
the new and full moon^ for a given monti. 

The mean time of a fyzigy, is the time when the 
mean places of the fun and moon in the ecliptic, 
are the fame for the conjunction, or oppofite for 
the oppofition. And the true time is whein their true 
places are exadly the fame, in the conjunftion j or 
direftly oppofite, for the opppfition. 

I. For the mean time of a conjunSiion or oppofttion 

From the table of the mean motion of the moon 
from thefun^ take out the numbers for the giyei* 
year and month, add them up together ; a.nd fub- 
trad the fum from 12 figns, for the conjundion^ 
or from 6 or 18, for the oppofition. Then leek 
• the remainder in the fame table for days, \i it can- 
not 
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not be exa6Uy found, take the next lefler . and lub- 
traft it from that remainder; and note the time' 
'^ , correfpondiiig. In like manner feek this fecond re- 
mainder, in the fame table for hours, and fubtrafl: 
the next lejQTer number from it, and note the time. 
Do the like for minutes, &c. till nothing remains. 
The fum of all thefe parts of time, gives the day, 
hour^ minute, &c. of the fyzigy fought. 

Ncte^ In leap year after February, this time muft 
be leflened by a day. 

This, table of the mean motion of the moon 
from the fun, you have in almoft all books of af- 
tronomical tables. 

2. For the true time. 

Find the true places of the fun and moon in the 
ecliptic, for the mean time of the fyzigy, now 
found (by. the laft Prop.) If they agree, or be 
pppofite, there is no more to be done. But if they 
differ, take that difference, and feek it in the fame 
table, for days, hojiirs, &c ; and proceed as before, 
to find the difference of time. Add this to the 
mean time, if the moon be fhort of the fyzigy ; or 
fubtraft it, if paft ; and you have nearly the true 
time of the fyzigy. 

But tp be exadl, you muft repeat the operation, and 
find the true places of the fun and moon, for this 
laft found time, and their diftance. Then proceed 
as before. Otherwife the time will be known, by 
proportion in which this laft diftance is run over 
by the moon. For as the former diftance, to the 
time it is • run in ; fo this laft diftance, to the time 
from the fyzigy *; which time being added or fub* 
trafted, gives the correft time of the fyziges. 

If you have a table of the horary motions of the 
fun and moon, for their feveral anomalies ; the 
horary motion of the moon from the fun at that 
time, will be known thereby. Whence, after their 
true places are once found, and their diftance, the 

X z time 
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time of the fyziges wUl be found, by making a 
proportion, according to that horary nwtion, for 
that interval of time, to reach the fyzigy. But if 
the time of the fyzigy thus got, be not exad e- 
nough, which feldom happens, their places muft 
be found again, and the reft of the operation re- 
peated. 

NofCj the time thus found only anfwers for the 
place the tables are made for. In other places the 
time will be different, according to the difference 
of meridians, which muft be taken notice of. 

Cor. I . The mean time of any fyziges being known^ 
the mean time of any other will be known, py adding 
continually 29^ 12^ 44™, the moon' s fynodic revolution -, 
or fub trading it, for the freceeding fyziges. 

Cor. 2. Hince the mean time of the new and full 
moon, for any month, is very eaftly and readily found. 
But to find the exaS time, requires a great deal of la- 
bour and calculation. 

Example. 

To find the time of oppofition or full moon^ in Dc^, 
cemier 1768. 

I , For the mean time. 

If o / // 

1768^ 



Decern. 

J from o 
full ]) 

.da. 24 

ho. 10. 

min. 38 

fe<;. 38 



4 10 18 19 
3 21 42 36 



8 
6 



o 55 



9 27 59 5 
9 22 34 41 



5 24 24 
^ 4 46 

^9 38 
19 .18 



10 



The. 



6 


3 


59 


23 




3 


59 


23 




3 


33 


20 






26 


3 




- 


25 


54 






-J 
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The fum of the times, 24* lo** 38" 38% but be- 
caufe 'tis leap year ; the mean time of full moon is 
Dec. 23* 10^ 38« 38*. 

2 a For 4be true time. 

Let' the time be Dec. 23** 10'' 38". The fun*5 
longitude to that time 

(by Prob. XII. Seft. V.) is 9 2 57 5 

and the nK)on*s place (Pr. X.) 3 6 56 2S 

mooa paft the fun 
moon paft the fyzigy or oppofition 

7 hours mot. 

5 1 min. mot. 

From Dec. 23* i o*^' 3 8"* 

fubtrafl: 7 5^ 

the oppofition Dec. 23 2 47, which is very 

near the true time 5 and may be had exaftly by a fe- 
cond operation. 

At this cprrcdted time the moon'fe latitude is 
only 22'', and therefore there will be an eclipfe 
of the moon at that time, which will be a total on^. 

Note^ this is the meah time, wWch is eafily /e- 
duced to the apparent. 

PROP. XII. Prok 

^0 find the periods of the new moons ^ when they 
fiaU: happen again^ at the fame time of the year. 

The moon's revolution to the fun is 25* 12^ 44.* 
3* = 29.5306. And the year zz 365* 25* Let a 
zz number of lunations in any. time^ y zz number 
of years in the fame time. Then that the conjunc- 
tions may fall on the fame time ofv the year, we 

X J xnuft. 
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Fig. muft find a and> fuch, that 29.5306^ = 365,25 jr, 

y 29.5306 

whence — = ■' g ' Then all the periods may 

be found by Prob. IX. Ch. IV. B. IL Arithmetic, 

.ndwUlbeZ^J-, 1, ^.^.^. ^. 

a 12 25 i7 99 235 5974 

6209 74^73 

The revolution of the moon to the apfis, is 
27**;5476, therefore if x = number of thefe revo* 
lutions, in the fame time, 365. 2 fj^ zz 27.547;^, 
For the apfides ought to be as near as polGble, in 
the fame fituation, after x revolutions. 

If we take the numbers i and 1 2 the periods 

will differ by 1 1 days, 1 2 being too little. If wc- 

take 2 and 25, they will differ by 8 days, 25 being 

too big. Then to try 3 and 37, 3 X 365.25 =; 

1095.75, and 37 X 29.53 == 1092.63, and 1095.75 

•— 1092.63 z^: 3^12 ; here 37 i? too little, and the 

moon will be 3^.12 or 3** ^^^ paft the conjundtion 

365.25 X y 
in 3 years. And ■ '■ ■ ' ■ = x = 3.97, fo that 

the apogee wants only .03 part of a revolution tQ 
the fun, which is .8 days or 20 hpurs. 

Again, for the numbers 8 and 90, 365.25 X 8 
— 29J5306 X ^^ zz — i**-53» fo the moon wanta 
i^ 1 2*^4 of the conjunftion. ^Aod x zz 106 rev. + 
2.07 days. 

Then for the nuhibers 19 and 235, 365.25 x 
19 — 29.5306 X 235 = .059'' or I hour, 25 min. 
Therefore the moon is 1 hour, 25 minutes paft the 
change. And ;if = 252 rev. wanting 2.0Q days. 

Likewife the numbers 483 and 5974 being tri- 
ed ; 365.^5 X 483 — 29.5306 X 5974 == — ,0544 
days z= i hour, 1 8 minutes, which the moon is 
ihort of the change. And «f ;;;s 6404 rev, 4-22 
hours, which is very near* 

And 
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And thus the^ reft of the periods may be exa- Fig. 
mined. 

Cor. I. The fame periods ferve for ibe full moons 
in afty year. . . 

■ ' * • 

Cor. 2, Hence^, if the change of the moon happens 
en any day of the month ; then after the f ever al pe- 
riods of years^ the change will be as follows. 

. In 



3 years 

8 years — 


- 3^ 3^ 


^o'^fooner. 
30 later. 


19 years - 
483 years 


I 
I 


25 fooncTi 
18 later.. 


502 years — 





Sifooner. 



S C H O L 1 tr M. 

We here fuppofe the year to be = 3654 days 1^ 
but as the common year is but ^65 days 5 allow- 
ance muft be made for the odd years above 4, 8» 
12^ &c« and for leap year, if it fall in. 

PROP- XIIL Prob. 

To find the mean time of the mootCs cbat^ng^ iif 
MiTf month ; by aH old almanack.. 

The moon's fyn. revohition is 29 12^ 44 
the lunar year (12 1. months) 354 8 48 
comnion folar year 365 o o 

wants 10 15 12 

mid fo much the moon changea fooner thaa in 
the foregoing year. Again, 

twice the remainder -— . 21 6 24. 

fynod. period — — ~- 29 12 44 
almanack 2 years old, later — 8 6 20 

dfo thrice the remainder — 31 21 3d ' 
fynodical period — » 29 12 44 

an almanack three years old, fooner 2 8 52 

X 4 An4 
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And fo the time fooner or later may be found 
for any year after, by multiplying the yearly dif- 
ference (lo 15 12) by the number of years, and 
finding how much the produA falls fliort or ex- 
ceeds the fynodic revolution, or its double or tri- 
ple, &c. hence by an almanack of 

1 year old, the change is fooner 10* 15** 

2 years old, later — 8 6 

3 years old, fooner — . -— ^ 9 

4 years old, fooner — -^ X3 o. 
&c. 

But if a leap year ('or an intercalary day) falls 
within the time, the change will be a day fooner. 
And if feveral fall in, it will be fo many days 
fooner. 

Note, by reafon of the irregular motion of the 
moon, the change will often happen feveral hours 
fooner or later, than by this rule, 

Otbermfe. 

Amongft a number of old almanacks, pick out 
one that is 19 years older. Then the time of the 
change in the old almanack is nearly the fame as in 
the new one. 

Foi^ 19 years =: 19 X 365^ zz. 6939!^ days. 
And ^35 lunations zi 235 x 29.5306 = 6939.72. 
So thit the days nearly coincide. 

Rut the pofitioh of the apogee difturbs this mo- 
tion fo much as to make the time alfo to differ for 
feveral hours. So that thefe are no more than fomc 
cafy approximations. See the laft Prop. 

Scholium. 

Many other Problem^ relating to the fun and 
moon may be propofed ; as if it was required to 
find the time of the moon*s fouthing on any day. 

From the table of the moon's mean motion from 
the fun, take out the numbers for tlie year, month, 
and day j which being added together, gives the 

moon's 
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;, moon's diftance from the fiin. Then fay as 12 
figns : to 24 hours, or as i to 2 : : fo the moon's 
diftance from the fun, to the time of fouthing. 

But this not being cxaft enough, find the places 
of the fun and moon to that time ; and from thence 
their right afcenfions in time, and the difference 
thereof {hews how far the moon is before the fun in 
- hours •, and cohfequently how much fhe wants or 
is paft the fouthing. This laft quantity is to be 
increafed by as much as the moon gains of the fun 
in that time ; and then added or fubtrafted to or 
from the hour of the day, as the cafe requires,- 

There -is more trouble ftill in finding her ri- 
ling and fetting. For her change of right afcen-^ 
(ion and of declination muil be confidered ;' fo as 
to agree with the oblique afcenfion and defcenfipn. 

PROP. XIV. 

^b€ motions of the fatelliies of any planet ^ artfi^ 
miiar to tbofe of. the moon^ and may be known thereby. 

For the fatellites do all move round their primary 
planets, like a$ the moon revolves about the earth, 
which is the earth's fatellite. Each of thefe fatel- 
lites, in the part of their orbits next the fun, be- 
ing nearer the fun, are for that reafon, difturbed 
in their motions, juft as the moon is by the like 
caufe. * From hence arife the like motions as in the 
moon, fuch as the progrcfliye motion of the ap- 
iides, and the regreffion of the nodes, of the fa- 
tellites. But the forces that produce thefe motions 
depend upon the diftances ot the fun from the pla- 
net, and of the planet from the fatellite ; or upon 
their periodic times. And therefore the motions of 
the fatellites, may be deduced from the motions of 
the moon, which are analogous to them. And 
therefore as we know the motions of the moon, 
and all hc:r irregularities, we can compute the quan^ 

tities 
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tides of thde motions and iiTegularities» in any of 
the iatellites. Hence, 

Cor. I. The mean motion of the nodes or apfides of 
unjfatelUte^ is to the mean motion of the nodes or ap^ 
fides of the moon ; as the periodic time of the fateU 
litOy divided by thefquare of the periodic time of its 
planet ; to the moorCs periodic time^ divided ij the 
fqiiare of the earth* s periodic time. 

This appears by Cor. 3. Prop. XXVIIL Centrip. 
Forces. For thefe angular errors are as the per. 
times of the fatellites, directly, and the fquares of 
the period, times of the planets reciprocally. And 
therefore. 

Cor. 2. In the fame planet^ the mean motions of 
the nodes and apfidesi are as the periodical times of 
the fatellites* 

Cor. 3. ^he mean motion of the nodes ofanffateU 
UtCj is to the motion of its apfides ; as the motion of 
the moon's nodes^ to the motion of her apogee. 

Cor. 4« The variation of any fatelUtCy is to the 
mooffs variation ; as the fquare of the periodic time 
of the fatellitCj divided by the fquare of the periodic 
timi of the planet ; to thefquare of the moorf s periodic 
timCy divided by thefquare of the eartVs periodic time ; 
or as the motion of the fatellites nodes in its time of 
revolution^ to the motion of the mooris nodes in her 
time of revolution. 

For (by Cor. 6. ib. Cent. Forces), the angular 
errors in the whole revolutions, are as the fquares 
of the per. times of the fatellites, divided by the 
fquares of the per. times of their primary planets. 

Cor. 5^ The greateft equations in a fatelUte and 
the moon^ are as the motions in the times of their re^ 
volutionsm 

Cor.' 
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Cor. 6* In the inmofi fatdlite of Jupiter^ the node 
recedes 53' in 100 years ; and the variation is infen^ 
fible being only about half a fecond. And the apogee 
advances about i4 fninuie in a hundred ^ears. 

P R O P. XV. 

^he mooffs libra tion arifesfrom her equal diurnal 
motion^ and her unequal menftrual motion. 

The libration of the moon is that motion, fhe 
feems to have, of turning round her axis for a fmall 
fpace, in one part of her revolution •; and return- 
ing back, in another part. By this means fhe fhows 
feme part of her furface on thC'eaftern fide, which 
was invifible before ; ajid afterwards fome part of , 
her weftern fide, appears, with the fpots therein, 
and then difappears ^ and this by an alternate mo- 
tion. 

Since the moon moves uniformly round her axis 
in a month, flie will always turn the fame face to- 
wards the upper focus of her orbit, fince the an- 
gles defcribed about the upper focus are nearly as 
the times, in orbits not very cxcentric, by Schol. 
Prop. II. Seft. V. Therefore it is evident, that 
any perfon placed there would always fee the fame 
face of the moon -, and confequently a perfon placed' 
at the earth, cannot always fee the fame face, 
but will fometimes fee more of one fide, and fome- 
times more of the other, according to her different 
(ituations in her orbit And that mcreafc of furface 
will be equal to the equation of the center : and - 
this is her libration in longitude. Her libration ia 
latitude arifes from her latitude, and the inclina- 
tion of her ai(is of rotation to the plane of the Or 
cliptic. 

Coc The moon mujl nearly^ always turn the fame 

fact 
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Figfi^ce towards the earthy and that pojithn camtot he 
altered. Setting afide^ her Ubration. 

This appears by XXIX Centrip, Fotccs. For 
if aay caule, as her Ubration fhould put her into a 
different pofition ; flie will be gradually drawn 
back, by the earth's attraftion ; till fhe recovers 
the fame again. 

PROP. XVI. 

In every lunation^ when the moon is about theeqtn^ 
no3ialj advancing northward ; Jhe rifes for feverd 
nights about the fame time^ in great latitudes. 

108. Let PHQO be the prime vertical, HO the ho- 
rizon, EQ the equinodial, P the pole, DBL a pa- 
rallel of declination, PBA^ a meridian. Suppofe 
the moon be at C any night, and at B the follow- 
ing night. Now it is plain, if the moon has gam- 
ed as much time by her increafe of latitude AB, 
as fhe has loft in her diurnal motion, C A ; then (he 
will rife precifely at the fame hour. But this can- 
not be except fhe be then in the horizon at B ; 
and therefore at the time of rifmg, B is both in the 
horizen and ecliptic ; therefore the comp. of the lat 
is equal to the angle of the equinoctial and ecliptic = 
234. And the lat. zz. 664^, where the moon, about the 
equinodial, rifes 2 fucceeding nights at the lame 
hour. And it will do this with little variation for 
fcveral nights. , 

Cor. I. When the moon, is at the fulU about the 
equinox in September ; (he then rifes for feveral nights 
together about fun fet. So that . her light is of great 
ufe at this time. And this is the original of the Hart 
V£ST and Hunters Moons. 

For being at the full fhe is oppofite to the fun, 
and therefore rifes ^t fun fet» And being near the 

equinox^ 
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equinox, it will happen in September or Oftober. Fig,- 
And thus (be gives me greateft quantity of light, 108^ 
at the. mofi proper time of the night ; and at the 
moft proper feafon of. the year too, for the huC- 
bandman to gather his crops. 

Cor. 2. But at other times of the year^ Jhe either 
rifes after this manner^ fodn in the day^ or late in the 
night % and therefore her light is weaker ^ and therefore^ 
(he is now notfo ufefuL 

For at other times of the year, flie has a differ- 
ent afpe& with the fun, and therefore has lefs light. 
And consequently cannot rile when he fets, but 
will rife eiiher in the day time, or in the night; 

Cor. 3. The greater the latitude, of the place^ thi 
longer the moon continues to rife at the fame time. 

For the greater her latitude, the more (he rifes 
above the horizon, by her increafe of declination % 
and lefs in the leffer latitudes. . And under the e- 
quinoftial (he gains nothing by her increafe of de- 
clination; and fo the difference of the times of ri- 
ling there is always the fame. 

Cor. 4. If the mooffs afcending node he Ukewife 
near the fame equinox \fhe will continue longer ^ to rife 
at the fame time of night. 

For then her increafe of latitude is flill greater. ^ ' 

Cor, 5. There is Ukewife a time in every lunation^ 
when the moon fets for fever al nights together^ about 
the fame hour ; in great latitudes. And that is^ whetk 
fhe is aiout the equinoRial advancing fouthward. 

For by the fame reafoning, this will be whienihe 
lofes as much time by her decreafe of latitude (BA), 
as ftic gains by her motipn in right afcenfion ( ACJ. 

*\ . 

PROF. 
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*' PROP. XVn. Prok 

lOo. Having the apfarent dijiance of the moon from a 
fiar and their zenith diftances \ to find their true dijiance^ 
asfeenfrom the earth's center. 

Let Z be the zenith, M the moon's apparent 
pbce, S the (tars apparent place^ and MS their ap- 
parent dillance ; let m and s be the true places of 
the moon and ftar, clear of the parallax and re- 
fraftion. Draw ZI perp. to MS, and from D de^ 
icribe the fmall arches ma^ sp. Then Mm and Ss 
will be known, made up of the parallax and re^ 
fr^&ion ; and all the fid^s of the triangk ZMS are 
given. Therefore, 

By Cafe nth of oblique fpherical triangles, find 
the fegments of the bde MI and SI. And take 
tan. MI ^^ ^ ^ tan. SI 

^' = ^^:rs3z ^ ^'^^ ^'^^ ^p = iis:^ ^ ^^ 

Then the true diftance mS zz MS — M^ + Sp. 

Note^ if the angle M or S be obtufe (which is 
known by the falling of the perpendicular Zl), take 
+ M^, or — S/>- 

For in the right angled fpherical triangle ZIM, 
(by Cafe 4.) tan. MZ : rad : : tan. MI : cof. M =; 
tan. MI , . - 

^an M Z ^ ^ ^" ^^^^ ^^S^^ angled 

triangle Mot(?, which may pafs for a plain triangle,, 

rad : Mm : : cof. M ( ^an M "Z ^ / * ^^ ^ 
tan. MI 

tan MZ ^ * ^^^ ^^ ^^ ^^^^ ^^^ ^^ ^^* 

tail, SI 
foning, Sp z= ^2^ X Ss. Now fince the arches 

Miw, Ss are exceeding fmall, the arch Dw will be 

equal to D^, or DM — M^ % and the arch Di 

^ equal 



Seft-VI. AND SATELLITES. jijr 

equal to Dp or DS + Sp. Therefore the fum Dai ]f ig. 
+ Df = DM — Mo + DS + Spi that is, the loj* 
whole «w = MS — Mtf + Sp. 

Example. 
MS = 56* 1 7' 44" moon*s parallax 26' 1 8", 
I^t -^ZM = 25 22 o . . "refradtinn ^-27 
ZS = 36 47 o 25 51 

or Mw = 1551" 

Then> ftar*s refradkion 

Sj = 41 



i^«« 



Tan. IMS. 28 8 5a 97*83719 

ZS +ZM- • or/: 

tan. 5 3* 430 9.7800606 

tan. ^^ "- ^^. 54230 8.9998270 

2 ' 

i8.7798»76 
tan.Q. ^- ' f »5 27, 9-05i5i57 

SI = 34 34 19 . 
MI = 2 1 43 . 25', Then, 

Tan. MZ. 25 22 9-6758903 

tan. MI. 21 43 9.6001943 

M«, 1551 3. 19061 18 

I2.79O806I 

M^ = 1303" r= 21' 43" 3. 1149 1 5?^ 



♦ 
» 



Again» 
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^'S- • Again, 

^ Tan. SZ. 36 47 9-^73^937 

tan. SI. 34 34 9.8382164 

Sj. 41 uSi^yS^S 

ii,45iooo2 

S/> = 38'' — 15773065 

^^ I II 

MS = 56 17 44 
— M^ = — 21 43 

55 56 01 
+ S/> = + 38 
ffiTJ = 55 56 39. 
the true diftance. 

Scholium. 

The point tn is always above M, becaufe the 
moon's parallax is always greater than the refrac- 
tion. And the points j is always below S, becaufe 
a ftar has no parallax. 

PROP. XVIH. Prok. 
To find the quantity of matter in the moon. 

no. Since (by Prob. XVIII. Seft. IV.) the moon's 
mean diftance TL is 60.3 of the earth's radii, or 
30.15 diameters; and her mean apparent diameter 
2 AL is found to be 3 1' 16''. Therefore it will be, 
as rad : S.31' 16'' :: 30.15 : moon's real diameter 
=.2742, the earth's diameter being one. For 
rad : TL : : S.LTA : LA : : S.2LTA : 2LA, 

Then (by Cor. 5. Prop. XXVII. Cent. Forces) 
the fun's force is to the moon's force ; as i to 4.46. 
And (by Cor. 6. ib.) thefe forces are as DF';^ and 
^Py ; putting D, d for the denlities, and F, / for 
the apparfent diameters, where y is given, being the 

lame 
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fame in both. Whence we have i : 4.46 : : DF» ; Fig. 

df^ = 4.46 X DPS therefore d = ^"^^ ^ ^^\ '°9- 

Where F, thefun*s apparent diameter, is 32' 12''; 
and D his denfity, 100. Whence i =: 487 the 
moon*s denfity. 

The quantities of matter are as the denfities, and 
cubes or the diameters. And the earth's denfity 
(by Cor. 2. Prop. XXIV. Sed. V.; is 393, and his 
diameter i. Therefore 393 x i' : 487 x .274M : 
quantity of matter in the earth : quantity of mat- 
ter in the moon = 4 7X-^74 ^ -^ ^^^^ ^f ^1^^ 

393 
earth*s matter. Therefore, the quantity pf matter 

in the moon, to th^t in the earth ; Js as i to 39.2^ 

Cor. I. ^be diameters of the moon and earthy are 
as I to 3.64. 

• Cor. 2. The denfity of the moon^ to that of the 
earth \ is as 1.23 to i. 

Cor. 3. ^he weight of bodies at the moon^ to (heir 
weight at the earth 5 is as i to ^ nearly. 

For (by Cor. 3. Prop. 24. Sed. V.) the weight 
is as the denfity and diameter -, which, in the,moon 
and earth, will be as 1.23 x ii to i x 3*^4 > or 
as I to 2.96. 

PROP. XIX. 

^he perturbating forces of the planets^ upon the 
moony are exceeding fmally and their effeSs infenfibk,. 

For (by Cor. 6. Prop. XXVII. Cent. Forces) the 
perturbating force of any of thefe bodies, is as the 
denfity and the cube of its apparent diameter. 
Now when Venus is neareft the earth, her appa- 
rent diameter is 70''^ and her denfity being un-» 

. Y known^ 
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Fig. known, wc may fOppofe it foniething greater thnn 
- that of the earth which is 393, the fun's being 100. 
Suppofe it is to the earth's, reciprocally as its dis- 
tance from the fun. Then the denfity of Venus 
will be 56a. And the fun's mean apparent dia- 
. meter is 193^. Therefore the perturbating force 
of the ftin, is to that of Venus 5 as 100 x 1932^ 
to 560 X 70' ; that is, as 2754 to !• Now among 
the moon's equations take the greateft of any of 
them^ and it wtl( appear how fmall a (hait this hask 
in it. Suppofe the greateft equation of the annual 
argytb^nt (or diq fun's diftgnce from the 9p€|gee>. 
be 5 degrees or 1 8000 fcconds, the (hare of Venus 
hi this, is but tht 2754th part of it^ whiclli a- 
mounts only to 6 fecorids 1 & fmall a quantity^ ^- 
not to be difcovcred by any obfervations. A^d 
ill the moon's variation, it would not amount to a 
fingle fecond. * 

; Then for Jupiteft His denfity is 94, and his ap- 
parent diameter when neareft the earthy 46^;^ 
therefore the fun's pertu rbating force, to that of 
Jupiter, is as 100 x 1932' to 94 x 46' ; that is, as 
78820 to 1, which is 2« times lefs than Venus*s 
perturbating force. And Saturn's is fer lefsftili So. 
that their forces produce no fenfiblc efiedt m the 
moon's motion. 

Cor. Hence all tie vifibU effeSs relating to the mootfs 
irregular motions^ are awing entirely to the perturba- 
iif^foree of $befun% and that of ibe planets mffi be 
mite left euf ^ tie account. 

I ■ ■ S C H.O hlVNt, 

. Akho* fldl the errors in the moon's motion arc tm 
be attributed folely to the adion of the fun; yet 
the motion^ produced thereby arc fo various a^ S^ 
i^ombined with one another, that it is hardly pofr 
^bktd affign to them allj^ their due quantities. 

From 
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l^ram whence it mu(t follow^ chat aoy fet of tables, Fig^ 
made Upon any iuppofed quantkies qf thefe mo- 
tions^ tho* they m^y ^ofver |br the prefcnt, wilj 
tdeviatc in a cert^ii niitnher of years and be wid^ 
of the truth^ And it cannot be gt^hctvrik^ fiqcf 
the eqCiatioi^tarc fo many and fo yarioufly mixt. 
For fcveral of them being given cogedier by lump^ 
the affignin^ to them their due proportions depends 
more, upon judgment than theory. For all thefe 
equations depend upon the oiigioal prcgedjtion of 
the moon which we do not know. And therefore 
aftronomers are forped ioiio as weU as thefy can^ in 
a €a(e where they want proper data ^ and that is, ^ 
by trying one Ait pf equations after aao^er^ by in- 
creaTin^ fQme and i^fifening others, or adding new . 
' ones, till they agroe to obfervations ; which can* 
not hold true long upon fuch a foundation. From 
hence I think^ one may conclyde, that no fet of 
lunar tables can ever be made, tha( will £bew the 
moon's jplaoe to a minute, nor perhaps to twp or 
three, io as to be depended on at aH times. 

As to the acceler^tioi^ pf the moon's motion, ^ 
there be fuch a thing, it can arife from nothing but 
the wafting of the i^, by its continual emiffion of 
So mwh hgbt. For if light h a body, which has 
a gravitating property like other bodies (as its re- 
fradion ihews) | thc^ii xhfi i^n^s force will be leflen-« 
ed by the lo& of {o much matter -, which will caufc 
the earth to recede fjortbe^ from the fqn, and by 
that means fhorten the periodical time of the mooti. 
Whether the earth does really recede further froip 
tbe fun, or not, may perhaps be known by com- 
paring the fun's gr^tcli or fcaft apparent diameter, 
obferved many ages fince, with the prefent. For 
J can fee no r^iafpn for the ^qceffion of nf w mattet 
to the earth, to increafe its cQntripetal force, an<| fp 
ihorten the periodic time of the moon, Put if the 
wafting of the fun be the cauf^, it wUl Ukewife 

Y 2 kngthcq. 
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t'ig. lengthen the periodic time of the earth, as well as 
Icffcn that of the moon ; whilft the quantity of 
matter in the earth, and its diurnal rotation remains 
unaltered. And then the efFeft of both thefe toge- 
ther, will be very vifible in a long ferics of years. 

PROP. XX. Proi. 

Ti) find thi errt^j in the motion of a faielHu^ fat- 
ticuldTly in tbefirfi fateUite of Jupiter. 

Let D per. time :;i M z: 655,73 hours. 
I fatel. per. time zz\s zn 42*47 hours, 
earth's per. time zz y zz 365.25 days. 
% period, time =: zzz 4332.5 days.. 
. Then (by Cor. 6. Prop. XXVIII. Cent Forces)^ 
the mean angular errors in the fatellite and moon^ 

are as — to --• And the periodic errors in the fa- 
zz yy * 

tt llite, . and the moon, are as — to Therefore 

' zz yy 

the mean angular error in the fatellite, to the mean 

, . , . mzz 
angular error m the moon ; is as i to • 

syy 

And the periodic error in the fateUite, is to the 

* 

wfnzz 

periodic error in the moon : as i to • 

ssyy ^ 

Cor. I . in the firji faiellite of Jupiter ^ the mean 
angular error in the fatellite^ is to the mean angular 
'error in the moon -, as 1 to zi 72. 

And the periodic error in the fatellite^ is to the pe^ 
"r iodic error in the moon 9 as i to ^^g^i. 

Cor. 2. The motion of the nodes of Jupiter* s ijt 
fatellite is 534. min, in 100 years 5 and of the apogee 
25 min. in the fame time. 

For 



Sea. VI. AND SATELLITES. 325 

For the motion of the moon's nodes in a year Fig. 



is, 1 9°. 3 4, and 



«934 

2172 



= .89** = s^^i. Alfo the 



tnotion of , the apogee in a year is 9%20, ar;dL 

920 . 

^^— - == .423° = 25^ 
2172 , 

• , Cor.t J. yill the equations of JupiterU firft fat el-* 

Jite^ as of the node^ apogee^ variation^ fefr. generate 

ed in its periodical timCy are infenjihle and vanifh. 

, The greateft equation is that of the annual argq- 

1800Q 
ment| which fuppofe 5° = 18000'''. Then 

6 
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cr — nearly, being Kttle more than half a fecond. 
And therefpre^ the lefTer oi;ies quite yaniib*. 



• « • .* 



Y3 
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SECT, VII. 

^e Eclipfes fif the Sun and Moon, mi 
of yupiters firfi SdielHt$» 



]• i l i i M ■»< I '• 'il iiViV ^ 



F R O B, I 

Fig* ^^ jfi^ ^^ ^^ requifiies relating i9 thefiaiiim and 
penumbra h an ecHfJe ^ tie mo9n. 

lilt Let AB he the fun* CD the earth. Draw AC> 
BD» by the edges of the fun and earth, which wiU 
meet in a poiiit V, beca^ife the fnii is biggeir thaii 
the earth. Thro* the centers of the fun and earth 
S and T, draw STV. Alfo draw BCE, ADF^ 
touching the contrary fides of the fun and earth, 
interfering in P ; alfq draw SC and CT. Then 
the figure ACEFDB contains all the recjuifites ; and 
all of them will be known, by folving {o many 
plain triangles. And if the whole figure be turn-p 
ed round, about the axis SV, the lines A V, BV, 
APF, BPE, will generate the two cones CVD> 
EPF i the cone C vD is the dark ihadow of the 
earth, and EPF infinitely continued, is the penum-r 
bral cone. And beyond V, the feftion pf the conc 
EPF, will be all in the penumbra. 

Cor. t. Half the angle cf tbi cone of the eartV^ 
fifodcw CVT, is equal to the fun* f af parent. fonUdia^ 
meter J lefs Us horizontal parallax. 

For in the triangle SCV, the ext^nal angle SCA 
3= CVS + CST. And CST is the fun's parallax, 

Therefore CVT ^ SCA — CST, 

Cor, 
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- Cor. 7. Half the angle of tb$ eartVs fenumlralYx^^ 
€me CPT9 is equal to tbefuifs apfaretU femidiameter i i f « 
md bis bortzomtal parallax . ^ 

For in the mangle CSP, the external ^ngle CPT 
= PC$ + CST. 

Cor. 3. Hince^ batf tbe angle of the tartVs pe* 
nutniral cone CPT, is equal to balf the angle pf tbe 
dark cone CVT + Iwice tbefunU borizontal parallax 

CST. 

■t 

Cor. 4. The apparent femidiameter of the eartV^ 
darkfhadcnjo IK, upon tbe moofCs orbit ^ is equal to tbe 
film of tbe borizontal parallaxes of ibe fun and mooti^ 
Ufs tbe fuifs apparent femidiameter. 

For angle VCI « Clt-^CVI :S (Cor. i.) 
CIT ^ SCA + CST. 

Cor. 5. ^be apparent femidiameter ^ tbe eartVot 
penmnbra GI, upofi^ tbe moon*s oriU^ is equal ta tbefum^ 
of the horizontal parallaxes of the fu» andmoon + tbo^ 
fntfs apparent femidiameter. 

For ill the triangle PCI, t^ external andie ECI 
= CIT + CPT = (Cor. 2.) CIT +.PeS H- CST- 

Cor. 6. RpM to find the length T^ af the eanb\ 
Jhadcw. In tbe triangle CTV tibere isgiveU'ibe angl^ 

V I Cor. I.) = fusfs apparent femidiameter — bis por^ 
faUaXy emd CT Jbe earth's radius^ toji^d TV. 

P R O ». IK 

T^find all the roqui/!teo. behngk^ to ih^fbfiiow ani 
f e num h a^ in afolidr eclip^. 

Let A* bif tjhc Smr *CL the mooA, -CD the i x^^ 
earth. Draw the ungents AK, BL, bythe-edgcs 
of the iun^nd moon, on 4^be iatpe jule, to meet iti 

V 5 and BKG, ALH to touch -the contrary iides^. 
PIjIW SK»^ IK i and thro' ^ and i tb« cen«»-s of 
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Fig. the fun and moon, draw the axis SIV. Then if 
II 2. the whole figure AKVLB be turned about the axK 
SV, the fides AV, BV, and PH, PG, wiU gene- 
rate two cones KVL, GPH. The cone KVL is 
the dark ftiadow of the moon, and the cone GPH 
is the moon's pcnumbral cone. Then in the figure 
AKGVHLB are contained all the requifites ^ whic^ 
will be found, by folving the feveral plain tri- 
angles therein. 

Cor, I. 7 be angle of the cone of the moon^s Jhado'm 
KVL, the angle of the fenumbral cone KPL, fbe an- 
gles GKV, and HLV, are each equal to the fun* s ap^ 
parent diameter AKB, very near \ and half the an^le 
of either cone P or V, is equal to the fun^s apparent 
femidiameter. 

For by reafon of the great diftance of the fiin 
from T, in refpefl: of TP, TV, TI ; the apparent 
diameter of the fun, feen from any of the places 
V, T, I, P, K, will be the fame ; that is, the an- 
gles AVB or KVL, APB or KPL, AKB or GKV, 
ALB or VLH, are all equal ; differing only by the 
angle KSI, which in the moon is infenfible. 

Cor. 2. The height of th€ cone IP is equal to the 
height of the cone VL J!nd KPL, KVL, are equal 
and fimilar. 

For the angles at P and V are equal ; and KL i? 
common. 

Cor. 3. The apparent femidiameter of the mootfs 
iarkfhadow QO, upon the earth at O, feen from the 
moon^ is equal to the mootCs apparent femidiameter 
~ the fun* s apparent femidiameter* And if the fun* s 
op. femidiameter he greater^ thejhadow does not reach 
the earth. 

For draw KO -, then in the triangle KOV, VKO 
= KpS — K VS = KOI ~ A VS = KOI — i fun's 
ap. diameter Cby Cor. i.) 

Con 
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Cor. 4. The apparent femidiameter of the moon*s Fig* 
fenumbra GO, M^on tkefuffate of the earth, as feen 1 12* 
from , the mogn, is equal to the fumof the apparent 
femidiameter s of the fun dnd moon. 
■ Draw GI and TOR.. Then io the triangle GPI, 
the external angle GIO = GPI + PGI = KPI + 
KGI = KPI + KOI = (Cor. 1.) AKS + KCil. 

Cor. 5. Hence to find the length IV of the moon*s 
Jhadow. In the triangle KVl, there is given the angle 
-KVI zz half the Jun's apparent diameter ^ and KI the 
earth's radius i whence VI will be had. 

, Cor. . 6. And_ io find the arch QN of the earthy in- 
^volved in the moon's dark Jhadow. In the triangle 
QVT, we have given TV the difference between the 
moon's diftance from the earthy and the height of the 
^Jhadow J and the angle QV O = the furfs ap. femi^ 
diameter {Cor. i.), and TQ the radius of 4 he earth \ 
to find the angle TQV, to which add Q}^T, and 
the fum is the angle QTO or arch QO j and doubled 
gives the whole arch QN. 

Cor. 7. And to find the arch of the earth GH iV 
vohed in the penumbra. Say as the earth's radius 
GT : to S. fun's ap. femidiameter : : fo is PT the 
fum of the moon's diftance and cone's height : io S.TGP 
or RGK. From this take the fun's ap. femidiameter^^ 
and there remains GTO =: GO, and doubled gives GH. 

For in the triangle GPT, there is given the an- 
gle P zz the fun's ap. femidiameter, and PT the 
moon's diftance and height of the cone, ajid TG 
the earth's radius ; to find the angle RGK = GPT 
+ PTG. Therefore PTG or OTG z= RGK — 
GPT = RGK — ^ fun's ap. femidiameter. 



PROB. 






3jo ZCl^tfBESm 

Fig. 

P R O B. IIL 



113. To find the ecUptic UmUs^ w the ii/Umee fr$m the 
node \ nobm sn ecHffe $ftbejnn mr moon mil hafpe$^ 

It is evident an cclipfe of the moon can only hip- 
pen, when the diflance of the centers of the moon, 
and of the earth^s penumbra, is kfs than the fiim 
<df their femidiameters. For ^ the d^ance is great- 
er, the moon and penumbra caimot tpuch one a- 
nother. 

Alfo an cclipie of the fyn cannot happen, uqlels ' 
the diftance of the centers of the fun and mooo, 
be lefs than the fum of their lemidiameters ; i^rhen 
feen from a certain place. But that it IhaH ap- 
pear in no place, the moon's parallax muft oe 
^dded to the fum of the femidiameters* 

Therefore in lunar ecUpfes, the moon's latitude 
inuft be lefs than the fum of the femidiameters of 
the moop and of the earth's pcnumbral ihadow, 
taken at the moon's orbit. And in eclipfes of the . 
£in, the moon's laticude muft be lefs thaa the film 
of the fun's and moon's iemtdiameter^ added to 
the moon's horizontal pi^rallax; that th^ ^lipfe 
tMjr be vifible fome way. Or without the paa:isd-^ 
|ax, to b^ viiible in a certain place. 

Therefore in the right angled fpherical triaiiglp^ 
A SM^ having the angle & , and the 4iftance SM ,^ 
the diftance of the fun from (he jpiode Q S w^ he 
fsnown, or the eclq)tic limitii. 

Here SM (the fum of the femidiameters) will bp 
IfeBOwn by the two former Props, But (ince all ik^ 
quantities here concerned yary ^ difl^rentt time%^ 
fill which muft be found agreeable to. a particular 
time given. I (hall therefore calculate the ecliptic 
limits, correiponding to ^1 t;heir mean quantities. 

Tho 
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' Titc feto'$ tnean ap. fcmidiameter 164 113, 

his parallax -^ — ,-- 12 

moon's mean a,p« femidiameter ^5 3^ 

}icr paralla^f — **- ^^ 57 ' 5 
Xnclinotion of her orbit ^^ -^ 5 ^ 30 

Hence will be had, 

&midiameter of earth's penumbra t 13 at 

temid. moon and earth's fliadows 5^ 5^ * 

. |un sod st)o6n'3 femicfiam. ««^ -i^^ 3 1 49 

|he flsm^ wkh the parallzi^ -^ -^ 1 28 47 

In the triafigle S SM for the moon's ecUpfe. 

Heft SM x: i^ 1$' 21'' ^ 15' 3«'' = i*^ zii' sf^ 
S. Q = S 8t -^ -^ 8.952398 
S,SM = I 28 59 — • •« 8.413007 

rad, -•-• •— ^^ .^ 10. 

■■ .III '■>■'■ 

S. |3S±; 16 47 >— .^ 9,460669 
Ifae limit for the moon's eclipfe at a n^edium* 

In the triangle ^« SM fi>r Ae fun's ecHpfo 
Heit SM = i« 28^ 47'', 
S.s, 5* 8'4. — — 8.952398 
3.SM = I 28 47 — — 8.412009 
Rad. -^ — — -i?- 10 

S.qS. 16 45 -^ — ^ 9*45961 < 

the Ihnitfor the fun's eclipfe, in any place ; about 
^e lame as for the moon. 

But for a particular place, SM =: 31 42 ; an<i 
S« comes out only 5"" 54^ for the limit* 

Con I. Hence there mil at leafthe 4 ecUpfesJln ^ 
year^ taking one year with another ; two qf the moon^ 
^nd two of the fun. 

For 16^ 47' + i6« 45' = 33 32 or 334. There 
fore the fun ftays above a month wthin the ecliptic 
Jjmits, twic? in the year. Paring which time the 

moo* 



33» E C I P S E S; 

Fig. moon makes two revolutions, and therefore muft 
112. caufe twp eclipfes, either time ; one of the axK>n 
and ^odier or the fun. 

Con 2. In a general way^ half of the ecEpfes will 
he hruifihle at any given place* And con/equentfy one 
year with another there can only he two vifible eclipfes 
in a year^ one of the moon, and one of the fun. 

For the fun and moon fpend as much time be* 

low the horizon as above it. • 

• 

Con 3. By the fame method the ecliptic limits may 
he fgundfor total eclipfes^ as well as for partial ones. 

That is, by taking SM z= the difiercncc of the 
femidiameters of the earth's dark fhadow and of 
the moon, in lunar eqliples ; or = the difierence 
of the femidi^imeters of the moon and^fuB^ in folar 
eclipfes, (by Cor. 4. Prop. I.)*. 

Cor. 4'. Eclipfes do not happen always in the fame 
places of the zodiac ; hutin places more and more wefln 
ward. 

For the eclipfes being about the nodes^ and the 
nodes regreffive at the rate of 19 deg. in a year ^ 
therefore the places of the eclipfes are 19 deg* 
more weft every fuccceding year. 

P R O B. IV. 

Having the inclination of the moon^s orhit, to the 
ecliptic J for a given time \ and the horary motions of 
the fun and moon ; to find the angle that the moon*^ 
way from the fun makes with the ecliptic^ at the time 
of an eclipfe. 
• 
1 14. Let 9 S be the ecliptic, Q M the moon's or- 
bit, e the node. And let S be the fun, in the 
fun's ccUpfe -, or the center of the earth's fhadoisr, 
in the moon's eclipfe 5 and M the moon at the time 

of 
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of the fyziges. Take Q A to S as the fun's ho- Fig. 
rary motion, to the moon's, at that time ; draw 1 14, 
MA, then MAS is the angle required ; and AM 
the moon's apparent orbit. 

For by conftrudion, in the time that , the moon 
has been "moving from a to M (that is, thro' qS 
reckoned in the ecliptic), the fun has moved thro* 
a fpace DS equal to a A. Therefore the fun was 
in D, when the moon was in the node at Q . Draw 
DB, MB parallel to SM, SD ; and draw B a , which 
will be parallel to MA. Now fmce the moon 
makes the fame latitude DB or SM, in the fame 
time, whether the fun moves or ftands ftill. And 
fince SM is her latitude, when the fun is at S, DB 
(equal to SM) will be her latitude, fuppofing the 
iun had flood at D, without any motion towards S ; 
and confequently Q B will be her apparent way, 
to an eye at D, thro' which fhe feems to move in ' 
the fame time. Or, which is the fame thing, AM 
will be her apparent way to an eye fixt at S. For 
the triangles AMS and a BD are equal ; and MAS 
is the angle of her way with the ecliptic. By the 
theory or relative motions, in bodies moving the 
fame way, all the apparent motions are the fame, 
as if one body flood ftill and the other moved for- 
ward, with the difference of their motions. And 
here a D or A3 is the difference of their motions, 
fuppofing S to be fixt. 

Cor. I • Hence J as the moorts horary motion : to the 
JurCs horary motion : : S £3 the difiance from the node 
to A^. Then SA =: S Q — A Q . 

■ 

Cor. 2. As fine of SA : rad : : tan. moorCs lat. 
SM : tan. angle A. 

Cor. ^. // is the apparent orbit AM that muft be 
made ufe of in calculating all the particulars of an e- 
clipfe. * . 
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fl\ For an obferver confiders not S as moving; aftd 
1 i .^. tliwrcfore only the relative motions are coDcemed* 

P R O B. V. 

To calculate an eclipfe of the moon. 

The Precepts. 

1 . Fmd the true time of the oppofition, when an 
eclipfe is to happen, by Prop. Xf. ScGt. VI ; and 
let that be reduced to apparent time. 

2. By Prop, XII. Sea. V, and Prop. X. Seft. VI. 
find the true places of the fun ana moon, when 
in oppoGtion. As alio the iun's mean anomaly, 
and the place of his apogee. Alfo the place of th^ 
moon's afcending node> and of her apogee^ and her 
latitude. 

115. 3. Let S) S be a part of the ecliptic ; €) M the 
moon's wbit ; S the center of the earth's (hadpw, 
and M the nioon, when in oppofition. Take 9 A, 
to G S which is known by calculation ; as the fun'^s 
horary motion, to the mogn^s. Which motions arc 
known from the aftronomical tables* Draw AM, 
for the way of the moon from the fun, by Prop. 
IV. Then in the right angled Ipherical triangle 
ASM, there is given AS(::zS^S — 8 A) > and SM 
the moon's latitude found by calculation : to find 
the angle SM A. 

4. Let fall SP perpendicular to AM. Then 
iincc the arches SM, MP, SP, are very fn&aU^ they 
may be taken for right lines *, and the triaiigle SMP 
for a plane triangle. Then having SM and atig^ 
SMP •, MP and SP will be found. Where P is 
the place of the moon in the middle of the eclipfe. 
IJkewife the time of the moon's moving thro' MP 
will be known by her hoiary motion •, and from 
thence the tima when ihc is at P, or the middle of 
the eclipfe* 

£. From 
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5. From the aftronomical ubles, find the fun and Fig. 
noon'i^ apparent femidian^etcrs, for the time of op- 1 1 5^ 
lofition ; and their horizontal parallaxes. 

6. From any convenient fcale of equal parts, 
with the center P and radius PB, equal to the mi- 
nutes contained ih the moon's radius, defcribe the 
circle BC^ for the moon. And with the radius SD 
(equal to the fum of the fun and moon's horizon* 
tal parallaxes -~ the fun's femidiameter, all in mi- 
nutes), defcribe the circle DEB, from the center 
S, thin this circle (by Cor. 4. Prop. I.) will repie- 
fent the earth's dark fhadow. Like wife with the 
fame center S, and radius SF (equal to the fum of 
the fun and moon's parallaxes 4- the fun's femidia- 
meter, in minutes), defcribe the circle FQG •• and 
diis (by Cor. ^. ib.) will be the earth's penumbra. 

7. Thde thmgs being laid down, it will be eafy 
to find all the requifites by fcale and compafs, by 
meafuring them ; or rather by calculation, in the 
fttcnl right angled plain triangles, contained in the 
fcheme. Thua, to find when the moon firft touch- 
es the penumbra at L ; in the right angled trian- 
gle SPK, there is given SP, and SK (the fum of 
the radii SL and PB), to find PK. Which being 
known, the rime of the moon's paffing thro' it will 
be known, by the moon^s horary motion from the 
fiin. Again, to find when the moon firft enters the 
dark fliadow of the earth in D. In the right an- 
gled triangle SPI, there is given SP, and SI fthc 
lum of the radii SD, PB) to find PI ; and confe* 
quently the time of half the duration in the fha- 
dow. Alfo to find the digits or 1 2th parts of the 
moon eclipfed. Here no the part eclipfedis == 

lino 6np 
Sn + P^ •— SP ; and — rr or -p^ is the number 

of digits eclipied. 

In total edipfes of the moon, the earth's (hadow 
often reaches further than the ipoon. And then 

more 
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Fig- more than 1 2 digits are faid to be eclipled, lup- 
ii^,pofing the moon's diflc to be produced fo far. 

If the time was required when the moon wholly 
enters into the dark fhadow BED, it will be found 
the fame way, as when it entered into the penumbra . 
GQF; .aswill be evident, by fuppofing GQLthe 
dark Ihadow. In that cafe SI will be the difference 
of the femidiamctcrs of the moon and dark fhadow^ 

Now the times of paffing thro* PI, PK, &c. be- 
ing known, and the time of the middle of the e- 
clipfe at P; the beginning and ending will be. 
known. 

8. Hence if the moon or circle CB^, never 
touches the circle GQF, there will be no eclipfe, 
not even by the penumbra. And if the fame circle 
never touches the circle BDE, there will be no part 
of the moon totally eclipfed- And if the whole 
circle CB^ enter into the . circle BED, the whole 
moon will be totally eclipfed ; and that is when SP 
is lefs than the difference of the femidiameters SD 

. and PB, If the point S . be in the node, then P 
falls upon S, and the eclipfe is central. When 
only a part of the circle CB^ goes into the circle 
BED, the eclipfe is a partial one, as in this figure. 

9. The time of the eclipfe being known for any 
particular place, it is eafy to know, if it be vifible 
at that place ; by knowing if the moon be riien. 
Or the place will be known where the moon is ver- 
tical i and therefore it will be vifible to all places^ 
within a quadrant's diftance from it. 

10. It muft be noted, that if the fpedtator lives 
in the place (or in the fame longitude) which the 
tables arc calculated for ; he will fee the eclipfe at 
the time determined by the calculation. If not, he 
will fee it an hour fooner for every 1 5 degrees dif- 
ference of longitude, that he lives weft from it. 
And fo much later, if ,he lives eaftward ; that is 
in the way of reckoning time. But in regard to 

abfolut6 
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abfolute time, it is feen from all places at the fame Fig. 
inilant. 11^.^ 

Example* 

To find the time of the mootCs eclipfe Dec. 1 3, 1 769 ; 
Us duration and digits eclipfed. 

1 . The mean time of the fyziges, by the tables, 
is found to be Dec. 12* 19^ 27"*, at which time the 
moon's horary motion from the fun is 25^ 33''. At 
this time, computing the true places of the fun ah(i 
moon, the moon will appear to be 35 10 before the 
fun. And therefore the time is paft the fyziges, 
59™ 12*. Therefore, 

from 1** 19^ 27" 0' 
take o o 59 12 

true time i 18 27 48 

The places beibg computed again, the moon is 
only 7'* before the fun, which amounts to 12* of 
time; therefore the time of oppofition is 12^ 18^ 
27" 36% which reduced to apparent time is Dec. 
12^ 18^ 32" 51'. 

2. The fun's place is 8* 21"* 37' 35" 
the moonfs place 2 21 37 35 

lace of the afcending node 8 14 46 13 
er latitude fouth — — 37 5^ 

the fun's horary motion 2 33 

moon's horary motion 38 6 

3. Hence the moon is 6* 51' 22" paft. the de-^ 
fcending node; that is, a S is 6** 51' 22''. There* 
fore a A = 27' 32% arid AS r: 6^23' 50" There* 
fore the angle SMA = 84** aa' 28^ 

4. Hence drawing the ecliptit RS, and SM perp. 1 16| 
to it, and equal to 3/ 58^' from afcale of minutes. 
And making the angle SMA =: 84" 227. You will 
find the perpendicular SP "37' 47'', and MP rr 

3' 43''. And therefore, t\yi horary motion of the 
moon froftfc the fun being 35' 33'', PM will be 
pafled over ia 6' 1 f'. Am fince this is before the 

Z oppoj 
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Fig. oppofition at M^ this time muft be dedufted from 
116. the time of oppofition. And the time of the 
middle of the eclipfe will be Dec. 12** 18^ 26" 34% 

i 5. The fun's apparent femidiam. 1 6' 2C/' 

his horiz. parallax — — 12 

moon*s ap. femidiameter 16 48 

her horizont. parallax 61 7 

6. Hence the radius BP = 1 6' 48''. 

radius SD =: 44 59. 
radius SF t= 77 39. 

* 77 rience alfo PK or P* = S6^ 3^^. 

and PI or Ft zt 48 53, 

and therefore the time of paffing thro* PK is 2*^ 2& 
6" J and thro* PI = i'' ^2^ ^<^\ And the whole 
duration in the ihadow from I to 1, is 2** 45"". And 
the digits eclipfed ^^ op the upper fide. Whence, 

firft entering the penumbra Dec. i s** 4'' 0° 28* morn, 
entering the dark fhadow at 544 

middle — — 6 26 34 

oppofition — *- 622.51 

leaving the fhadow — — 7 49 4 
leaving the penumbra — *— 8 52 40 
duration «^ «_ 2 45 o 

digits eclipfed 81. 

All thefe thmgs maybe determined near enough 
by fcale and compafs, in a large draught; making 
ufe of a fcale of minutes and fixtieth parts ; or ra- 
ther by making a fcale of time anfwering thereto^ 
by help of the horary motion of the moon from 
the fun. For by this fcale, the feveral hours and 
minutes may be marked along the line A*, by 
which it will appear at what time the center of the 
moon is at any given p6int. For the time is known 
when the moon is at M, and from thence the 
points at each hour and minute are cafily found. 

And 



I 



Seft.VIL. E C L T P S E S. 339 

And this conftru6tion, with only right lines and Fig. 
circles, will be exadt enough in a large figure ; forii;6* 
the beft lunar tables give the times of the phafes 
of an eclipfe no nearer than to 4 or 5 minutes of 
time J and therefore fuch a conftruAion is fufficient 
to anfwer the purpofe. 

Cor. I. No eclipfe of the moon can lafi above 5I. 
hours^ from the moon^s firjl touching the earth's pe* 
numbra^ to its laft having it. 

For SK =94' 27" =: 94.45, and the horary mo- 
tion is 25' 3f == 3S*55 J^ = 2.66 2= 2^ 39"' = 
iemiduration. 

Cor. 2. No eclipfe of the moon^ ly the eartVs fh^f-* 

ifow, can laft above 34 hours. Nor when totals above 

i^ hours. • . 

61.78 
For SI = 61' 4f = 61.78, and — — ='1745 

OD'OD 

zz i' 45'' =: the Iemiduration, and SD — SI = 

28.18 

28' n" = 28.18, and = .y^ = 47", thefc- 

. 35-55 

miduration. 

Scholium. 

The refraftion of the earth's atmofphere* in lu- 
nar eclipfes, makes the fhadow lefs;^by bringing 
the rays, which terminate the Ihadow, fooner to a 
point. And hence comes that red colour of the 
moon, even in total eclipfes. But that light mud: 
be very dim, by reafon a great number of the rays 
are ftopt and loft in the earth's atmofpbere. 

The i^ircles terminating the fhadow and the pe- 
numbra BED and GQF, cannot be diftihguifhed. 
For the darknefs from BED, diminifties by infen- 
fible degrees^to GQF, being darkeft at E, and 
lighted at Q, lyhcre it vanifhes infenfibly.- And 
tiiercfore the moon does not appear to be eclipfed, 

Z 2 . till ^ 
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Fig. till (he is a good way within the penumbra. For 
1 1 6. that reafon, there may happen eclipfes of the moon 
which camiot be diicovered as fuch. 

It may be obferved that all lunar tables, (kcw 
the moon's place in eclipfes, more truly in the fy- 
2iges than in the quadratures, or any other place. 
For the times of the fyziges have been more accu* 
ratcly obferved ; and the moon*s place more nicely 
obferved in eclipfes, than at any other time •, and 
from thence the moon's theory has been deduced. 
Befides many of the inequalities ceafe in the fyzi- 
ges, but have fenfible eSefts in other places ; be« 
coming greater, as the moon is further from 
the fyziges •, being greateft in the quadratures^ 
"W hence the lunar tables do not determine the moon*s 
place truly in the quadratures. And her place cal* 
culated from thefe tables is not fb exad in the 
quadratures as in thh fyziges. Several inequalities 
depend on the afped or the ncdes and the fun ^ but 
thefe ceafe when the nodes are in the fyziges^ 
When the moon and the nodes are in the fyziges ; 
the moon's place, then wanting fewer equations, 
as being fubjedt to fewer inequalities, will be more 
correft •, than when (he is in other places, where 
there are more and greater inequalities, and more 
equations -, which equations have never been truly 
fixed* From hence more errors will happen out 
of the fyziges, than in them. 

P R^ O B. yi. 

Tvfind the way of the min^nfrom tbefun^ in a folat 
iclipfcy fuppofing the $bferv^ aH r<^. 

1 1 7. Let HZO be the meridian »of the place; HO the 
horizon, EC the equinoctial, EL the ccUptic, Z 
the zenith, P the pole, S and M the places of the 
fun and moon in conjundtion, PSD/ thf* iin's mc-i 
ridian, , . , 

Having 



Seft. VII. E C LIP S E S. 34^ 

Haying foufxl the fiin's diftance from the node. Fig. 
Q Sy .and the moon's latitude SM, &c. take 3 A 1 1 j. 
to Si 6, as the fun*s horary motion, to the moon*s 
horary motion ; then SA is known. Draw MA ; 
th^n in the fpherical triiangle ASM, right angled 
at S,. there is given S A^ SM $ to find the angle 
SMA •,£ AM being the moon*s way from the fun- 

Bjut becaufc the eye of the obferver is in motion, 
by the rotation of the earth ; which ^ives an ap- > 
p?irent motion to the moon, contrary to that of the 
obferver; we muft find the quantity and direc- 
tion ot that motion. In the firft place, fince the 
obferver is carried eaftward, that is towards the 
point C, the apparent motion in the moon caufed 
tjiereby will be in the line CS. And to determine 
the pofition <tf CS in relpcft of AM or SM, fcve- 
ral Ipherical triangles muft be refolved, as follows. 

In the right angled triangle EDS,, there is gi- 
ven ES and angle E to . find DS and angle ESD 
or ASP ; or thefe may be eafier had from the af- 
tronomical tables. And in the triangle ZPS, 
there is given PS (the complement of DS),, the an- 
gle ZPS (from the time of the day), and ZP the 
complement of latitude*, to find ZS, and angles 
I^ and ZSP. Then ZSP and ASP being known^ 
ZSA will be known. And MSA being a right angle, 
ZSM will be known. In* the right angled triangle 
^FS, there is given CF, the m^iure of the angle 
FZC (the difference between the angle PZS and 
the right angle CZP), and SF the complement of 
tS i to find CS, and the angle.CSF or BS21 Then' 
BSZ and ZSM being kndwuy BSM will' be known^ 
And SMA being known, its fupplemcht SME is 
known, and confequently the angle SBM. 

To find the quantity of the motion^ That a- 
long AM is already known ; ancj to find the ap-t 
parent motion along SB. The fitue of 1 5 degrees, 
(th^ horary motion of a point in the equino<itial> 

Z 3. '^ 
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Fig. is .259 to the radius i. And if it be the moon's hcv 
X 1 7. rizoncal parallax, then the radius of the earth ap- 
pears at the moon under the angle by and there- 
fore 1 5 degrees of the equinodial appears under the 
angle of •2s^b \ this then is the horary motion of 
a point in the equinoctial, viewed dirediy from the 
moon. And the moon's apparent motion feen from 
that point in the equino6lial is the very fame. But 
this motion is to be diminilhed upon two accounts. 
J. Becaufe it is lefs in a parallel circle, in pro- 
portion to the cofine of the latitude. And 2« 
Upon account of the obliquity of the motion^ 
when not perpendicular to the rays of the fun ; 
and this will be as the fine of CS, the fun's diftance 
from the eaft or weft point of the horizon. There- 
fore to find the quantity of this motion. 
To the Log. of .259* 
add the col. latitude 
and the fine of CS. 
Then the fum, abating twice radius, is the log. of 
this apparent horary motion. Then this motion is 
to be compounded with the motion along AMB as 
follows. • 

II?. Let AS be a portion of the ecliptic, SB the way 
of the apparent motion, MA the moon's way from 
the fun. Draw NM parallel to SB ; and let MN 
be the horary motion along SB or MN, and MI^ 
the horary motion of the moon from the fun. Then 
compleat the parallelogram NMIQ ; draw the di- 
agonal MQR, which is the diredion of the motion, 
compounded of the obfervers and the moon's mo- 
tions, and MQ is the total apparent horary motion, 
fuppofing the obferver at reft. Then in the plain 
triangle QMI, there is given MI, and IQ^(or MN), 
and the angle MIQ^rz 'MBS ; to find the angle 
QMI, and fide MQ^or the abfolute horary motion. 
And the angles QMI and IMS being known, QMS 
is known. 

Here 



' i 
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Here obferve, if the fun be in the eaftern hemif- Fig» 
phere, in which cafe the concave fille of the eaftern 
hemifphcre is here projefted (in fig. 1 17), then the 
moon's motion from the fun is from M towards A, 
and the other apparent motion^ fcom S towards B: 
or from M towards N. But if the fun is in the 
weftern hemifphere, this projeftion reprefents, the 
convex fide of the fphere ; and then the moon 
moves from the fuB> in direction AM, and the 
other apparent raption is from* S. towards C, being " 
contrary. 

i^ R O B. YIl. 

TV calculate an ccHpJis of the furty, far a farticulan^ 
place given. 

The eclipfes of the fun are more difficult to cal-. 
culate, than thofe of the moon ; the latter being 
clear of parallaxes, which the former are incum- 
bered with, which gives a great deal of trouble. 

But a great part of it may be avoided by ufing 
projections inftead of calculations. The rules, are,^ 

I* Find the true time of the conjunf5tioj:i, and, 
the places of the fun and moon at that time ; by. 
Prop. 12. Seft. v.. and Prop 10 and n,. Seft. VI. 
with all ojther requifites by the foregoing Pcops. o£ 
this fefliion ; all for your particular place. 

2. Having found the way of the moon from the 
fun as direfted in the laft Prob. by projection or caU 
cujation ; find, by the aftronomical tables, the moon's., 
horizontal paralla:^,^ her apparent diameter, and ho-, 
rary motion ; alfo the fun*s apparent di^Dieter> and; 
horary motion. 

And here to avoid a great deal of calculation,, 
if the fphere be projected by a large fcale, it will 
give all the requifites with fufficient exaCtnefs, by 
ipeafuring the feveral angles and fides, without any 
C?ilculation, or very little. And here it is beft to, 

Z 4 projcai 
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Fig. projeft the concave fide, and then every thing ap- 
pears as it is in nature* 

.>I9« 3. Find the moon's parallax of altitude, by 
maJcing as rad : cos. altitude : : fo the moon^s hon 
rizontai parallax : to her parallax pf altitude Nt or 
Mm. Then find her parallax of latitude Mm, and 
longitude Sjf, Qri»», by Prob. 17. Seft. lY. and 
from thence her apparent latitude and longitude 
is known. 

J120. 4. Draw the line ASL for the ecliptic, and from 
a large fcale of minutes, ered SM perp. to AS, and 
equal to the apparent latitude; make the angle 
SMR, as found in the laft Prob. and draw gMR 
for the moon's apparent path. From S let fall SP 
perpendicular to MR, and SP will be the leaft (fif« 
tance of the centers of the fun and moon, or the 
middle of the eclipfe. From the center S with the 
radius equal to the minutes contained in the fun's 
femidiameter, defcribe the circle ABC for the fun. 
And from the center P, with the radius equal to the 
moon's femidiameter, defcribe the circle AOCD 
for the moon. If thefe circles do not interfed,. 
there will be no eclipfe. But if they interfeft, 
an eclipfe muft neceflarily happen. 

5. Then P is the place of the moon in the middle 
of the eclipfe. Make SI and SK equal to the fum 
of the femidiameters of the fun and moon ; and the 
moon's center will be at I when the moon firft touches 
the fun, or at the beginning of the eclipfe. And 
K the place of the moon's center, at the end of 
it. In the triangle PSI, there is given SI, SP ; to 
find PI = PK, which'reduccd to time, by help of the 
moon's apparent horary motion, (hews half the du- 
ration of the eclipfe ; and confequentjy we fhall 
have the beginning and end. 

6. And to find the quantity no^ or the digits e- 

6tto 
clipfcd ; we have no zz Sn + Fo ^^ SP, and ^ 

= number of digits. % The 
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7. The time found being m^an time, it muft be Fi^ 
reduced to the common or appare;it time, by the f 
equation of time. And if the given place be oot 
i;hat for ^h^ch the tables are made i add &> much 
time, if youf p\$c<!t lie caftward to the time c^ 
wyunftion^ ^ anfw€!?s to tb^ difference of merit 
dians| or fubtraft it, .if you Ue weft ward, .as i^ 
noted in arMck i. 

^0 fini tht time of tbefutfs ecHpfey Jtme 4, 1 765, 
Us.duraH(inMd di^iU ecliffed^.atL,onaon: 

1. By the tables the mean time of the conjundi 
tion is found tp be June 3* 20*" 41". And hence 
the true time of conjunftioh is June 3^ 20^* 27°* 43*. 
And their places are 2* 13*" 51' 25''. And the 
inoon*S lat. 55 32 north. The moon^s 'motion 
from the Ibn 35' 47''. 

2. The angle AMS ;^ 84** 27'. ZSM = 35** 117.- 
20^, CSF = 5^ 18'. SBM = 43° 49'. SF =118. 
42^ 16^, CF =; 3*^ 34'. CS = 42** 24'. The angle 
qMI = 8^ 2f SMQ =: 92^ 52'. MN or IQ 

= 6° 38^ NIQ^= 31^ 20'. Alfo 

Thj? moon's horizontal parallax 66' 58" 

her apparei)t diameter 33 3^ ' 

her horary motion -— — 38 10 

the futfs diameter — — ^ 31 41 

his horary motion — ' ^— 2 23. 

3. The moon's parallax in altitude Mw, is45'|ig, 
09' ; her parallax, in latitude M», 3 8' 05" 5 her re- 
maining latitude S», 17' 26''; her parallax in lon- 
gitude Sf, 24' iz\ which i$ increafed fo much. 

4. Djraw SL for the ecl^tic ; at any point S, 1 20. 
ereft the perp. MS equal tQ> 17' 26", the moon's 
apparent latitude ; thro' M draw the moon's way 

Q MR, making the angle SMR = 92° 52'. Draw 
SP perp. MR, which hae fells very near M. From, 
the center S, with the radius SA = 15^ 50" dcfcribe 

the 
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Fig. the circle ABC for the fun. And with the radius 
I20.MD = If)' 46'', and center P, defcribe the circle 
ADCO for the moon. 

5. Hence PI or PK = 27' 33". And the time 
of moving thro* IP or PK, at the rate of 3 1' 20'^ 
an hour, is 52" 45*, for the femiduration. By 
reafon of the parallax (24' 13')^ fhe is pail the ap- 
parent conjunftion ; the difference being what the 
parallax caufes, which comes to 46" 23*. There- 
fore the middle of the eclipfe is fo much fooner, 
being at 3' 19^ 41" 20'. This reduced to appa^ 
rent time is 3* 19* 43° 27% for the middle. 

6. The digits eclipfed are 5-rV> nearly. 

In this example, I have fuppofed that the con^ 
cave fide of the fphere is projefted, which faits 
beft to the appearance of the heavens. And the 
figures are drawn upon that fuppofition. 

It appears from the procefs, that, the moon is 
advancing to her defcending node, and therefore 
has north latitude. And by the pofition of that 
part of the ecliptic, . her parallax in longitude, ad- 
vances her fo much forward, viz. 24' 13". And 
therefore Ihe h fo much paft the apparent coh- 
jundion. Hence we gain thefe feveral particulars. 

Thebeginningof theeclipfe, June4* 6^ 50"42'^morn^ 
middle — — . 4 7 43 27 
end of it — — 4 8 46 12 
total duration — • -^ 1 45 30^ 

digits eclipfed 5^, on the upper fide of thQ 

fun, towards the left ; as appears by the figure. 

Cor. f y Hence the pefiHon of the horns at C and. 
. A, are eafibf found in the middle of the eclipfe. 

For they are in a pofition parallel to RI, the- 
rhoon*s way. 

i 

_ f • ■ 

. Cor. 2. The nt'ddle of the eclipfe will not he at the: 
fm^ tim^in all places of the fame longitude. 

For 



i^. 
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For the parallax of longitude will be different in Fig. 
different places. 1 20. 

Cor. 3. No eclipfe of the fun can laft above two 

hours. 

For SI or SA + MD = 32' 36'' = 32.6, and 

32.6 
the horary motion = 34 \f = 35.78. And •— g 

r: .91 = 54i minutes, for the femiduration. 

Scholium. 
If it was not for the parallax, eclipfes of the 
fun were as ealily calculated, as thofe of the moon. 
And in order to get the parallax, the angle ZSM 
and SF muft be known, which occafions the re- 
iblving feveral fpherical triangles before they can 
be had. Likewile it may be obferved, that the ap- 
parent way of the moon is ftriftly a curve line, 
concave towards S, which ariies from the parallel 
of latitude being a curve, and the moon bemg out 
of its plane. Likcwife the moon*s apparent velo- 
city is ibmtthing greater at the beginning than at 
the end. But I defcend not to thefe minute parti- 
culars. 

P R O B. VIIL 

710 calculate a general eclipfe of the fun \ or an 121. 
ec'iipfe of the earth. 

1. The elements neceflary for this are the follow* 
ing. The fun and moon's place, and likewife the 
time, at the true conjundtion. The moon's lati- 
tude, horizontal parallax, diameter, and horary 
motion. The fup's declination, diameter, and ho- 
rary motion. And the angle the moon's way 
makes with a circle of latitude. 

2. From a large fcale of minutes, take the 
moon's horizontal parallax in your compaffes, and 
at any point C, in the right line BD (which repre- 

fents 
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Fig. fents the ecliptic), dcfcribe the circk ABED, for 
121: the earth's difk, or the earth's flat face as it ap*. 
^ pears at a dillance, in a line drawn to the fun. Draw 
CM perpemdicuter to CD, and equal to the lati- 
tude of the moon upwards if north. Make the 
fngle CMG equal to that which the moon'^ way 
makes with a circle of latitude ; acute to the right 
hand, \f fht tend to the node; or obtufe, if me 
be paft it ; and drawing FMG, it will be the way 
of ihe'center of the moon's fhadowupon the earth. 
From C let fall CH perp. to FG. Then at H 
wJWb^ the middfc of the earth's eelipfe. With 
the center H, aad radius HO, equal to the fmn 
of the femidiameters of the fun aAd moon, de- 
scribe the circle QGR, which will be the rnoon's pe- 
awipbra, by Cor. .4.. Proh^ II. Alfo d^cribe ^ 
ijLTr ;! cuc';r::'!:und the center H, whofe^radius h 
the difference of the fiar^ and moon*s fcmidiamc- 
f ers, that )ifttle circk will be the dark fiiadow of 
tb^.mi^on^ by Cor:.^* ib. ^ 
. .3.* I hen all the countries of the eartll con- 
tained in t-he feghient V A W will be fiicceffively 
ecUpfed, by the; pbnumbra, as the fhidow- mowsi 
along the trad FG. Whilft the other fegmentr 
VF. W fufFers no eclipfe at aU. Likewife all places 
in the line j/, will be totally eclipfed, as the dark 
. fhadow, or the fmall circle at H pafles fucceflively 
over them. But this circle, or dark fhadow being 
very fmall, a total ecliplc at any place, continues 
but a finall time. Sometimes the fun's femidiame-* 
ter exceeds- the moon's ; and then there will bc-na 
dark circle,' or total eclipfe, but a lucid ring will 
appear about the moon in thefe places •, and this 
b called an annular eclipfe. The diflFerence be-« 
twcen the femidiameters of the fun and moon* ia 

r 

fo little^ that no total eclipfe lafts above 4 minutes. 
4. Draw CF, GG zz lum of the femidiameters 
df the fun^^ and moon, and the moon's parallax i 

then 
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then the moon's (hadow YfiW touch the earth at L 'Fig* 
and K where the eclipfe begins and ends. In the X2.i* 
triangk CFH, there is given CF, CH ; to find FH 
r= HG^ which converted into time, gives half the 
duration^ or half the time that the moon's, (hadow 
is upon the earth. Alfo NO meafured, fhews how 
far the eclipfe reaches. Or CO meafured does the 
iame. It may be fufficient to meafure all thefe by 
the icale without calculation. 

5. To find the pole. Draw the arch AP, making 
the angle KAP equal to the fun's longitude, and 
AP the dtftancei of the poles of the equator and 
ecliptic, 23^4^5 then P is the pole. For AP is a 
p^rt of the folftitial colure, and paffes thro' Cancer 
and Capricorn. A nd CAP is what the fun wants 
of Cancer, therefore PAK is what it is paft Aries^ 
Thro* P draw CPT. And here we may fuppofe 
that the pole Pis fixed, during the time of an eclipfe.^ 
Then in the right angled fpherical triangle APT, • 
there is given AP and angle A ; to find AT or an-» 
gle ACP, In this triangle PT is the fun's decli- 
nation, and APT or CPK his right afcenfion from 
Cancer. Here note, that any place in the line CT 
is in the fun's meridian. And C is the place where 
the fun is vertical at the time of the eclipfe. 

6. To find the fituation of any given place, at 
a given hour. Make the angle CPX (with the fun's 
meridian), equal to the time from noon ; on the 
left hand, if it is before noon. And make PZ the 
complement of the latitude ; then Z is the place 
required. And if it falls in the penumbra, it is 
cclipfed •, or any where in the fegment VAW ; if 
its motion in the parallel circle do not carry it out, 
before the penumbra reaches it. . 

7. To find the place which is firft or laft touch- 
ed by the penumbra, as K. Draw the arch PK, In 
the triaxigle CGH, there are given CG and CH, to 
find th^ angle GCH, from which fubtraft HCP 

which 
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Fig. which is known, gives the angle PCK or TK. Then 
121. in the right angled fpherical triangle PTK, there is 
given TK, and PT the fun's declination ; to find 
PK the complement of the latitude of K, and TPK 
or CPK the difference of longitude of K, and the 
fun. Therefore its longitude and latitude is had. 
And after the fame manner you may find that of 
L. And by the fame method the lat. and long, of 
the places s and / may be found, where the dark 
Ihadow firft enters the earth's diik, or quite leaves 
it. 

Alfo there may be found the place which is in 
the line FH at any point of time ; or if the place 
be given, what the time will be ; and that by help 
of the horary motion, with feveral other particu- 
lars of like nature, which for brevity's fake I omit, 

8. The part of the fun's diameter eclipfed by 
the moon, is known by the fituation of the place 
within the penumbra, or its diftance from the cen- 
ter of the penumbra. 

And the phafis of the eclipie, as feen from any 
place Z, upon the dilk, will be found thus, for 
any time. Find the center of the fhadow for that 
time, as fuppofe at H. Defcribe about H, a cir- 
cle whofe radius is the moon's radius ; and about 
Z, a circle with the fun's radius. Then the part 
cut off the fun's circle, will be the part obfcured. 
I omit drawing the figures, as they would perplex 
the fcheme. 
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Fig. 
Example. 121, 

Le/ us put the former example. To find the time 
and pbafes of the eclipfe^ June 4, 1769. 

The elements arc thefe following. 

1. Their places -— 2* 13° 51' 25 
time of conjunftion 
moon*s latitude — 
horizontal parallax — 
diameter — — 
horary motion — 
fun's declination — • 
his diameter — — 
and hqrary motion ~ 
angle of l> way — 
her motion from o — 

2. The difk of the earth being drawn, and all 
the particulars kt off as required, we have CA zz 
6d 5S". CM = 55' 32''. CH =: 55' i6^ angle 
MCH = 5' 2f, MH = 5' 22^ and HO = 32' 
36^. 

3. Since CO = CH — HO = 22 40. And 
22 40 22.66 
6^S = 6^6 = -3717 the nat. fine of CO = 

21^ 49'. And NO =68° 11'. Therefore the t>e- 
numbra pafles over 68° 1 1' of the northern furface 
of the earth. Likewife CH =: 65° g'. Therefore 
the traft of the dark fhadow cuts off a fegment at 
N zz 24° 57', and covers a fpace = 1° 25'. 

4. In the triangle FCH, FH = 75' 30", FCH 
= 53° 48'. The horary motion of the moon from 
die fun is 35' 47" ; therefore FH or HG is defcribed 
in 2*" 6" 36*. And the whole duration of the pe- 
numbra upon the earth is 4^ 13° 12*. And the 
time of the dark ihadow, paffing thro' i/, is about 
3 quarters of an hour. 

5. In 
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Fig. 5- In the triangle ATP, AT or angle ACP =: 

6. In the triangle CPZ, there is given CP, PZ, 
and angle CPZ ; to find CZ = 40** 18', and an- 
gle PCZ =: 40° 27'; whence angle ACZ =: 33" 
2S\ and HCZ =: 39^ 6'. So that when the place 
is at Z, the dark fhadow is at M ; being the time 
of the conjunclion. But if the time be taken 46 
minutes fooncr, the place z would be nearer the 
line jM, and the center of the penumbra near s. 
For whiUt the place Z moves about P, towards O, 
by the earth's rotation, the center of the ihadow 
moves from. J towards H. And their neareft dif- 
tance will be about r^ of HO. 

7. The angle GCN being 53** 48', PCG = 52* 
27' =r TKj whence TPK = 73° 37; and CPK 
= 106 23, the dif. longitude from the fun j and 
PK zz 55 44 the comp. lat. of the place K, where 
the eclipfe quite leaves the earth. 

8. In the triangle MCZ, having MC, CZ, and 
angle MCZ, the place in Z may be exa<5lly found •, 
and the fhadow being at M, it a circle of the pe- 
numbra be defcribed about M, the point Z will 
fall a little within it -, fo that the eclipfe is not quite 
oVer at the time of the conjunftion. 

Cor. I. Henre fnay he kncwn^ all ike places and 
€$untries thro* which the darkjhadow pa§e$. 

For thetime being known when the madow comes 
to S, it will be known what place is at S ; and in 
like nlanner what place is at t, when the fhadow 
comei there ; the times being kndwn from the hora- 
ry motion. Likewife the time is knoWn, when the 
fhadow is at M, and at H. Then a line drawn 
thro' all theie places on a globe or map ;; fhows* 
the trad of the fhadow thereon. 

Cor. 2. Hence ^ the place where the fun is vertical^ 
in the middle of the eclipfe^ is ea/ily found. 

For 
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For there is given the azimuth CF (fig; 117.) -Fig. 
attd diftahcci equal to ZS, the eomplement of the 1 2 1 • 
fuh^s altitude. 

Cor. gi Tbe funds' eclipfe is not at the fame injtant 
in all places^ as it is in a lunar eclipfe. 

Cor. 4. ^be middle of the eclipfe is feldom at or 

fiear the time of conjunSiion ; but fometimes fooner and 

fometimes later ^ according as the parallax increafes or 

decreafes the moon^s 'longitude. Except in the place 

where the fun is vertical^ where there is no parallax. 

Cor. 5. No general eclipfe of the earth can laft a* 
hove 54- hours. 

For AC + AO, or the whole femidiameter of 
the earth's diflc added to the femidiameter of the 
moon's penumbra, is 93' 24' zi 93.4; and the 

93.4 
horary motion is 35' 47" = 35-78. And j—^ 

= 2.61 = 2^ 36", the femiduration, 

SC H OL lUM. 

Here all the circles concerned in the calculation, 
are fuppofed to be orthographi-cally pfojeded upon 
that diflc of the earth, which direftly faces the fun ; 
and that a fpeftator is placed at the diftance of the 
moon, in a line perpendicular to the diflc. Then 
all the parts of the fcheme will be feen under their 
proper angles, as they are laid down therein. For 
the diflc itfelf will appear under an angle equal to 
twice the moon's horizontal parallax ; and the pe- 
numbra .under an angle equal to the fum of the di- 
ameters of the fun and moon ; and being fmall 
arches, are truly reprefented by right lines propor- 
tional thereto-: and therefore thofe that underftand 
the nature of the orthographic proje£tion of the 
iphere, can eafily tell how to meafure any of thefe 

A a angles 
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Fig. angles or fides, or lay them down as required. Npw 
1 2 1 • if the operations be performed on a large figure, 
the parts may be meafured near enough. And 
moreover it the ellipfis reprefenting the parallel cir- 
cle of any place Z, be drawn, and divided into 
hours (or 1 5 degrees), beginning at Z, when the 
time of the conjunftion is fuppofed to be kno^n, 
and thefe divifions be all marked with their pro- 
per number of hours ; thefe will (hew the places 
' where Z is come to, at thefe feveral hours, and the 
contrary. And likewife if the tradt FG be divided 
into hours, by help of the horary motion, begin- 
ing at the conjunftion M, whofe time is known ; 
and if thefe be alfo marked with their proper hours ^ 
they will (hew the places, where the (hadow is at 
the(e feveral hours. And from hence may be known 
by infpedtion, what fituation the place and the 
(hadow have to one another, at any particular times 5 
and therefore when they are neareft together, or 
when the middle of the eclipfe is ; thus may be 
known the fhafts of the eclipfe, that is the appear- 
ance of the fun and moon eclip(ed, at any time. 
But to do this, as I faid before, requires a very large 
fcheme to work upon. 

P R O B. IX. 

To find the period of ecUpfes ; or the defiance of time^ 
in which the eclipfes will all return in the fame order^ 

Since the eclipfes depend upon the fun and moon 
being near the node ; it is evident that when they 
are in the fyziges, and have the fame fituation, in 
refpedt to the node, that 'the eclipfes will return, a- 
gain, the fanie as before. Therefore we arc to fiRd 
the diftance of time when this will happen. 



The 
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The time of the moon's^ ^ m • a ^Fig, 

fynodic revolution is r9 12 44 3 ='^9'5io^ 

the periodic revolution 27 7 4^ 12=127.3216 

revolves to the node in 27 5 5 35=127.2122 

to the apogep la J27 1^3 -8 34=12 7.5476 

But as 27^.3216 : 360.'^ : : i**^ : 13^1764, the 
moon's motion in a day. 

Let a zz number of lunations, or of the moon's 
revolutions to the fun, e = number of revolutions 
to the node, in the fame time. Then that the fun, 
moon, and node, may come together again, we 
multfindtf and ^,fo that 29.5306^ = 27.2122^, and 

± - iZf^lii . But (by Prob. IX. Chap. IV. 
e 27.5306 

B. II. Arithmetic), we Ihall find - = i-, -LL, 

e 1 12 

" 35 ' 47 22.? 9?9 j6i86 ^ 

13 38 51 242 IOI9 17565 

Alfo if ^ x: number of revolutions of the moon 
to the apfis in the fame time^ Then 27.21^ = 

27.547=: 29*53^- 

To examine thcfe numbers ; omitting the fmall 

fraftions which are not exaft enough ; take ^ zz—g 

51 e 

Then 29.5306 x 47 =: 27.2122 X 51 nearly; or 
1387.938 zz 1387.222, near. And 1387.938 —^ 
1387.222 r: .116'^ zz 1.52^ n i4- degrees. So 
that the moon, after 47 lunations, is but i-J- degree 
beyond the node. And this period would do pret- 
ty well, but that the apfis is not near the node. For 

27,21^ 27.21 X ^i d r 

-Z or -i -12-. zzy zz 50.39^ zz fome num- 

27-54 27-5+ 

ber of revolutions to the apfis. So that the apfis 

is .39 of a revolution from its former fituation, 

which amounts to 10*7 days, or 140 degrees. This 

period would be 4 years wanting 73 days and 2 

hours. But the different pofition of the apogee 

A a 2 difturbs 
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Fig. diilurbs it fo much, as to make it vary fometimtt 
9 or lo hours. 

Then for the numbers -Mora 23 lunations; here 

242 

29.5J06 X 22 J — 27*2122 X 242 = — .029* 

— — .38** z= — 23'. So that the 'moon is biat 

23' fhort of the node, or of her former place. AH(x 

29-53 X223 -- ^ -- 230 rev. + 3.2 days remain- 

^7-54 

ing. And 3.2 days =r 42 degrees, and fo far thr 

* moon is beyond the apfis ; or the apfis difiers 42*^ 

in fituation. This period is 1 8 Julian years, 10 

days, 19 hours, 46 minutes. This is called the 

i^Iinian Period^ or Chaldean Saros. 

Again, 939 lunations = 27729.2334, and lO!^ 

revolutions to the node z= 27729"*. 2318, the dif* 

ference is =: ,00 16** = .021 degrees, which th^ 

moon is paffed the node. Alfo ^77^9-^3 -j. 

^7-54 
1006.59 or 1006 revolutions to the apfis + iS 

days, or 208° ; fo that the apfis is in a wrong po- 
fition. This period is 76 Julian years, abating 29 
days, 18 hours, 29 minutes. And the like for 
other periods. 

If you vary the numbers, of revolution, but a 
very little, you will find other periods, not con- 
tained in the former feries. And therefore differ- 
ent people ufing different numbers, will find dif- 
ferent periods. 

Cor. Jny of ibefe periods being often repeated^ will 
vary more and more ; and at laji will wear out. 

For the period of 47 lunations, runs a degree 
and a half beyond the node, and being 10 times, 
repeated, it will be 1 5 degrees diftant, and with- 
out the ecliptic limits. 

The period of 223 lunations,' or 18 years,, is but, 
23/ ftiort of the node y but being 42 times repeated, 

wiir 
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will fall fliort 16 degrees, and fo will end; and Fig! 
that hin ysy years. 

Scholium. 

Here the year is fuppofed to confift of $6g days 
and 6 hours ; whilft the common year confifts only 
of 365 days. Therefore for i, 2, 3 odd years 
above a multiple of 4, allowance muft be made for 
the 6 hours, and alfo for leap year, if it hapjpenj 
aysjong the odd years. 

P R O B. X. 

To ohferve the times andphafes of fglar and lunar 
t^Upfes. 

The obfervation of eclipfes is of great ufe for 
correfling the tables of the fun and moon, and 
lUfo for difcovering the different longitudes of places. 

In eclipfes of the fun, the beginning and end are 
cafily and plainly diftinguiflied j for the light part 
AS feparated from the dark, by a line, which is the 
fide of the moon's body, which makes the light 
part be diftindly terminated •, for which reafon it 
is vifible at the firft inftant, and at laft vanifhes in 
a moment. But then one muft look at it, thro* a 
coloured piece of glafs 5 for there is no enduring 
the fun's rays. 

But to fee more exaftly the beginning and end, 
or any other phafis ^ the beft way is to look thro' a 
telefcope with a coloured glafs to ddfend the eye. 
Then having a good clock or watch to know the 
times of the beginning and end ; the middle of the 
eclipfe is eafily known. Likewife the digits eclip- 
Ted muft be meafured. 

The figure of an eclipfe of the fun may be pro- 
jefted upon a paper, after this manner. Place a 
telefcope in a window fhut, and let it h% dircfted 

A a 3 «t 
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Fig. to the fun that the rays may come thro* it. Then 
place a paper fo far from the eye glafs, that the 
fun*s difk may appear diftinft and of fufficient 
breadth upon it. Then if a circle be drawn of the 
bignefs of the difk, and divided into degrees, and 
the diameter into digits ; then the portion of die 
horns, may be found, and the quantity of the en- 
lightened part, or dark part, may be meafured. 
If your paper be fixt at a certain place, you may 
make the image diftinft upon it; by moving :the 
eye glafs in or out. 

In lunar eclipfes, neither the beginning nor end 
can be diftinftly perceived, by reafon of the earth's 
penumbra ; for as the real madow and penumbra 
are not vifibly feparatcd from one another, or dif- 
tinftly terminated ; no one can exa6)-ly tell where 
one ends and the pther begins, nor confequently 
when the eclipfe begins or ends. For we do not 
think t!^e moon eclipfed at all^ till the darknefs be 
fo great as fcnfibly to afFefl the eye. Tho* we are 
fure it really begins to be eclipfed, as foon as the 
penumbra touches it. Therefore the beft way for 
making an obfervation is, to note the time when 
^ny remarkable place, upon the moon's furface, 
enters the ftiadow j which Ihadow we muft judge 
of, as well as we can. And therefore we muft 
ufe a telefcope, as we can judge better by that, than 
by the bare eye, where the Ihadow begins. The 
place obferved is eafily known by a fnap of the 
moon. And it will be ^s well to obferve two or 
three of thefe fpots or noted places. This done 
the time muft alfo be obferved, when the Ihadow 
leaves the place or places ; and from thefe you will 
have the time of the middle of the eclipfe. Thus 
if feveral people in different places obferve any 
noted place agreed on upon the moon ; then they 
will have the middle of the eclipfe in both places, 
Clearly. This way is niore exaft than obfef^ing thfe 

begin-^ 
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b^ihning or end, as hone can diftinguifh Ho exiadly 
between die true ihadow and the penumbra, till 
they both appear upon the fun's body together. 

P R O B. XL 

Ito, calculate the iime of an eclipfe of Jupiter's fir fi 
JSmlUte. 

Having in Prob, 14. part. I. of my book of Na- 
vigation laid down the rules for doing it. I fhall 
not here repeat them, but refer the reader to that 
book ; only taking notice, that as Dr. Halley*s ta- 
bles being in time found to differ from obfcrvatibns ; 
I attempted to make fomc. alterations therein ac- 
cording to the obfervations I had made. But thefe 
obfervatiqns not being fo many as I could have 
wiflied ; I dare not venture to fay, that thefe tables, 
will in jkll cafes give the time correftly. And there- 
fore I Ihould be glad if proper perfons, who have 
the betefit of an Obfervatory, would taJce this mat- 
ter into confideration ; and by a fufiicient number 
of obfervations, made in all pofitions of the earth 
to Jupiter and the Sun, conftrud: from thence a fet 
of correft tables. Which would be a thing et 
great ufe, as thefe eclipfcs happen fo often, and are 
fo tafily obferved. Till then we rhuft be forced 
to ufe fuch tables as we have. Here I fhall make 
ufe of Pound's tables (which we have among Hal- 
ley's aftronomical tables), and thofe of Wargen- 
tine, which are calculated for the meridia:n of Paris. 

I. By Hallefs or Pounds s "Tables. 

^be Precepts. 

I. From the firft table, take out the epocha 
fot the year, with its correfpondent numbers 
A and B. And from the table of months, days, 

A a 4 &c. 
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&c. take the day, hour, &c. next lefs thai^ 
the time fought for, with the numbers A and B. 
Add the feveral numbers together ; and you have 
the mean time of the middle of the eclipfe. 

2. From the table of the firji equations^ widi 
fiumber A, take out the fir ft equation of th^ cpnr 
junftions ; and the equation of B, to be added to B. 

3. From the table of the fecond equations j with 
pumber B thus equated, take out the fecond equa? 
tion of the conjundkions. And from the laft table, 
with number A, take out the third equation. Add 
all thefe equations to the mean time of the middle 
of the eclipfe j and you have the true eavjated time 
of the middle of the eclipfe. 

4. Alfo from the laft table, with number A, take 
out the femiduration. And if number B equated, 
be lefs than 500, fubtradb the femiduration, and 
you have the time of the immerflon ; if it be more 
than 500, add it, and it will give the time of e^ 
merfion. 

5. This being mean time, reduce it to the ap-* 
parent time. And in leap year after February, make 
it a day lefs. When the numbers A or B excee4 
1000, rcjedl icoo. 

Example. 

To find the time of emerfion of Jufiter^s firfi Sa-^ 
tellite^ July lath, 1768. 

J . By Pound's Tahks. 

Thefe tables being calculated for the old ftilg, 
^e muft take out for July i. 



17^1 
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1768 

^ean time 

1 equa. 

2 equa. 

3 equa. 

4equat. time 
iemidurat. 

Jeap year 
new ftile 
eq. time 

ap. time|i2 10 



a6r 



St 




of emerfion. 



2. By fTargenfin^s Tables. 

The Precepts. 

1. From Tab- i and 2, take the time for the given 
^ear, and alfo for the nlonth, day, &c. next lefs 
f han the day propofed ; with the numbers A, B, C ; 
which add into feparate columns, and you have the 
piean time of the middle of the eclipfe. 

2. From tab, 3, with number Ai, take out the 
^rft equation j and ^e correftions of B and C to 
Jbe added to then?. 

3. From tab, 4, with number B, take out the 
fecond equation. And from tab. ^, with number 
A, the third equation. And from tab. 6, with 
number C, the_^ fourth equation. Add all thefe to 
the mean time, and ypu have the equa.ted time of 
theeonjunftion. 

4. From tab. 8, with number A, takeout the 
femiduration. And if number B equated, be lefs 
than 500, fubtraft 5 if greater, add the femidura- 
fion ; and you will hayc thp time of immerfion, or 
^merfion, accordingly.. 

5. From tab. 7, taj^e the equation of time, which 

#wi4 
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add to the mean time df ittimeriion or emerfion, 
gives the apparent time theiteof at Paris, And fub- 
trafting 9' 20'', gives the time at London. 

N. B, In leap year, after February, take out for 
a day lefs. And when the numbers B and C raceed 
1000, rejeffc looo. 



Example^ the fame as before. 



si 
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July 

day 

mean time 

1 equ^ 

2 equa. 

3 eq^ 

4 equa 

equai time 
iemidura. 

end. 
' eq. tiitie ' 

time at Paris 



I 21 3 191 2 

» 7. 5 43^ 152 
'Q H.5' 361 9 



B 

236 



28 



C 

78 



457 416 



24 



12 



o 38I 

4 I 
"8 20 

2S 45 
6 56 



163 



tI2 9 48 40 
+ 1 4 ^21 



time at London 



12 16 53 2 

+ 9 39: 




^ - III 



\i2 ii 2 41 
—9 201 



12 10 53 21 



Emerfidn. 



p R a 6. xii. 

It find the longitude of a place 4 

To find the difference of longitude of t^ places, 
or the difference of meridians, is an efleiitial point 
both of geography and navigation. To pertbrm 
which feveral methods have been propofed, ft>m6 
more pradKcabIc than others ; but all of them de- 
pend upon afkronomical prmcipleSj and therefore I 
rive it a place here. The principal methods of 
loing k, 1 Ihall here lay doWn. 

I ^^, 
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1 Way^ by a Time Piece. 

If a watch or time piece can be made to keep tinie 
^xadly, foch a machine being fet to the true time 
of the day in any one place^ and carried to ano- 
ther place, it will ftill (hew the time at thefirft place. 
And therefore if the time can be known at this fe- 
cond place 5 the difference of time, ahd therefore 
the difference of longitude, will be known, be- 
tween one place and the other. 

Now to find the hour of the day at this fecond 
place, two equal altitudes of the fun ntuft be taken 
the fame day, and the exafl times noted by the 
time keeper. Then the middle between thefe two 
times of obfervation, fhows what hour it is at the 
firft place,^ when it is 1 2 o'clock at the fecond place. 
Confequently the difference of tinie between thfe 
two places is kno>yn, which gives the difference of 
longitude allowing 15 deg. to an hour. If the 
time keeper be fliort of 12 o*clock, ^at the' middle 
time, the fecond place lies eaftward from the firft. , 
But if th^ middle time be paft 12, the fecond place 
lies weftwaird. A common watch being fet to 12, 
when the time keeper ife at the middle time ; or, 
which is Ae fame things if k be fet fo thuch paft 
12, as the time keeper is paft the middle time-, it 
wiH tpntinue to Ihew the time' in that place. This 
method is adapted to the fea^. '-' - 

If fuch a machine be exadtly made, like Mr. 
Harrifon's time kee|>er ; it may do well enough for 
Ihort drftanees^ but will be ufelefs for k)ng ones, 
for the following reafons. i . Heat and cold will 
have an cffedt upon the ipri^ngs^ and confequently 
wiH retard or accelerate the motion. 2. The tol- 
fmg of the ^ip ^t fea will have an effeft upon any 
moving machine, which will' hinder it from going 
equally at all times. 3. Whatever may be the er- 
rt>r generated in a fmaJl diftance, or finall time ; 

that 
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that error will be multiplied in a large diftance and 
time, being proportional to the time; fo that in 
long voyages it will be ufelefs, 4. The immenfe 
price of fuch a machine, when made to the utmoii: 
accuracy, will prevent its being generally ufeful. 

2 ff^ojff by the MootCs difiancefrom a Star. 

1. You muft have an ephemeris (hewing the 
moon's right afcenfion, declination, and horary mo- 
tion in right afcenfion, every day at noon, made 
for a certain place, as London* 

2. At any other place, when an obfervation can 
be had, the moon's diftance from feme known itar, 
muft be exafbly taken with a good inftrument, and 
at the fame time, their altitudes or zenith diftances. 

3. This apparent diftance of the moon and ftar, 
rnuft be reduced to the true diftance, by Prop. 1 7. 
Se<a. VL 

4* Then the difference of right afcenfions of the 
moon and ftar muft be found ^by Cor* %. Prob* 35* 
Sea. II,). 

5. Then having the right . afcenfion of the ftar 
from the aftronomical tables, the right afcenfion of 
the moon will be known ; and confequently (by 
the ephemeris^ how much right afcenfion flie has 
gained fince noon. 

6. Then fay, as the horary .motion, to \ hour : : 
fo the difference of right afcenfions, to the time 
from noon. 

7. This time reduced to degrees, gives the dif- 
ference of longitude, between the place of obfcr* 
vation and London. 

Note^ In finding the difierence of right afcen- 
fions (Art. 4.) the moon's declination at noon is 
made ufc of. But it may be correded by Art. 6 ; 
and then the work repeated, for more exaftnefs. 
And the like for the horary motion. 

This method may equally be applied to the funi 

as 
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asr well as to a ftar. The former way is ufed in the 
night ; the latter in the day. 

The occultation of a ftar by the moon, or the 
appulfe of a ftar to the moon, is but a particular 
cafe of this method. For at their firft touching^ 
the diftance is equal to the moon's apparent fcmi^ 
diameter, and is therefore known without meafuring*. 

There arc feveral difficulties which attend this 
method, i. The method is embarrafled with fa 
many difficult computations, that it is hardly to be 
performed at the time when wanted, betides the 
danger of error. 2. The taking of an angle be* 
tween the moon and a flar cannot be performed fa 
cxaftly as the Prob. requires ; efpecially at fea, 
where the motion of the Inip fruftrates any fuch at- 
tempt. It has been obgefted^ that the time of an 
cclipfe of a Satellite cannot be obferved at fea, by^ 
reafon of the Ihip*s motion ; much lefs then,^ can 
an angle be taken, which requires looking at two» 
things at once. 3. Na lunar tables extant can give 
the place of the moon trUe to ^\ and there is na 
hopes of getting a perfeft theory of the moon. So 
in the main, we never can be fure we come within: 
4' or 5', of the truth. 4. Since in a revolution of 
360 deg. the moon gains but 13° in right afcenfion ;. 
therefore in i deg, flie gains but about 2', a very 
, fmall matter, therefore upon this account, we can- 
not think to come nearer th^n 4' or 5'. 5. In ta- 
king the altitudes, the horizon is fo badly defined 
in the night, that they cannot be truly taken, 

3 Way^ hy having a Meridian. 

Here one muft have an ephemeris, fhewing the 
time of the moon*s fouthing, every night, and their 
differences. And at the place propofed a ^meri- 
dian muft be found, by two altitudes of the fun or 
otherwife. Set a good watch to j 2,. when the fun . 
^mes tp the meridian 5 and note the time when the 

moott 
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moon fouths or comes to the meridiajri. Then Iky, 
as the difference of times^^by the ephemeris);^ to the 
time by the watch : : fo 360% to the difference of 
longitude. This method is proper for the land. 

The difficulties in this method, are. i. The dif- 
ficulty of drawing a meridian truly. 2. It fuppofes 
the watch to go truly all the while, which feldom 
happens. But this error may be reftified, by ob- 
ferving the watch, when the fun is upon the me- 
ridian next day, to fee what it gains or lofes, and 
allow proportionally, for the time of the moon's 
fouthing. 3. It fuppofes the moon moves equally 
every hour, which fhe does not. And this may 
be partly remedied, by comparing the differences 
between one day and another, and augmenting or 
diminifhing the time by the watch, accordingly. 

4 ^^y.'i h ^^^ Moof^s eclipfe. 

Let the middle time of a lunar eclipfe, be ob- 
fcrved in two different places, ■ according to the di- 
redtions in Prob. X. Then the difference of the 
times, reduced to degrees, at 1 5° to an hour, will 
give the difference of longitude of the two places ; 
and the place where the eclipfe was lateft feen, is 
to the eaftward of the other. 

The difficulties here are, i. The exaft time of tKe 
fhadow, touching any noted place upon the moon, 
cannot be truly known, by reafon of the penumbra; 
being as dark as the ihadow, where it borders upon 
it. 2. It is hard to have a clock adjufted to true 
, time, in every place, where the longitude is re- 
quired. 

The longitude cannot fo eafily be found by a fo- 
lar eclipfe, but requires a deal of calculation. 

5 Wa)\ by the EcUpfes of Jupiter^ sjirjl Satellite. 

Here a table muft be made, (by Prob. XI.) of 
the eclipfes of Jupiter's firft Satellite, and the time 

when 
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when they happen at any nOted place, as LondDJDt., 
Then if the time of the eclipfe be obferved at any 
other place, by a t^lefcope ; and this time of im-? 
merfion or emerfion be compared with the table ; 
you will have the difference of the times ; which 
turned into degrees, at 15° to an hour, gives the 
difference of loqeitude ; which is eaft if it happen 
iboner, or weft if later* This method is very pro* 
per for the fea. 

The greateft defeft of this method, is the error* 
of the tables, which do. not give the times truly^ 
fpn^etimes to 2 or 3> minutes of time. 

Scholium 

The length and difficulty of the computations 
made ufe of in regard to the moon, render thefe 
methods very incommodious for finding the longi- 
tude ; and the uncertainty of fome elements concern- 
ed therein, make the operations doubtfuL It is 
true, there is occafion for nothing but mere obfer- 
vation in lunar ecljpfes for finding the longitude, 
but the uncertainty of the time of beginning, &c. 
will introduce an error. Of all methods, the e- 
clipfes of the Satellites of Jupiter are the moft 
proper means for finding the longitude ; for that 
way requires no trouble, no intricate calculations. 
The whole buGnefs depends on this, to have a true 
theory of thefe Satellites, at leaft of the firft of them ; 
but which is furprizing, no body turns their thoughts 
that way. It is true, it requires a great deal of 
time, and a great number of obfervations to fettle 
the theory ; but when that is done it will fuffici- 
ciently recompence the trouble. For if we had but 
corre<a: tables of . this fingle Satellite, we Ihould be 
enabled to calculate the exa6t time of the eclipfes ^ 
and if this could be truly done, it would abfolutely 
be the beft method for finding the longitude, either 
at land or fea, that ever was thought of. If this 

method 
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method cannot be put in pradicc at fea, much Icfif 
can any other methods, fince they all require more 
attention and more fteadinefs, than this does, wherer 
a man has nothing to do but look thro' a tube, ar 
a certain objeft, till the obfervation be over, which 
need not be very long. 

I have Ihewn in Cor. 3. Prop. 20. Se6t. VI. 
That there are feveral irregularities that afFe6b the 
moon, that quite vanifh in this Satellite ; from whence 
one would think it would be no hard matter to ef- 
tabliih the elements of its motion. Yet there is 
fome difficulty in this, by reafon of its great dit 
tance. As fuppofe we want to find the excentri- 
city of its orbit, and the pofition of the apfides, 
the greateft elongation of the Satellite from Jupiter 
is 1 1 2" ; and if its orbit was fimilar to the moon's j 
then the excentricity would be ,-^8 of its mean dif- 
tance, which would only amount to 5 or 6 fcconds ; 
but how difficult is this to obferve exaftly ? And 
yet the greateft part of its irregular motion de- 
pends upon its excentricity. It would nqt be fo 
difficult to find the place of the node, and eafier ftill 
to find the inclination of its orbit. I am perfuaded, 
that all thefe difficulties may be furmounted, by di- 
ligent obfervation s made at all proper opportuni- 
ties, and in all pofitions of the fun, the earth, and 
Jupiter-, and then reafoning duly from the phae- 
nomena, by comparing them with the moon's mo- 
tions. By this means we fhould at laft gain all the 
elements of its motion -, and be able to conftruft ta- 
bles not only for the time of the eclipfes, but of its 
appearance upon J^upicer's dilk, or of any other 
phaenomena. This would require fome labour, 
but without pains and patience nothing is to be 
done. 
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